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S U M M A R Y
Literature embracing many facets of Beech bark disease is reviewed.
Scoring systems for assessment of disease symptoms were developed. 
Surveys indicated that thinned crops contained a higher proportion of trees 
infested by Beech scale (Cryptococcus fagi)$ and that older pole-stage crops 
supported greater populations of the insect. Other disease symptoms were 
correlated with Beech scale incidence. The most severely diseased crops 
were of high yield class.
Aerial photographs taken before the disease outbreak showed differences 
in crop appearance in subsequent severely affected areas which were 
attributable to different forest management practices.
Detailed observations on the range of disease symptoms were made. 
Following infestation of the main trunk by Beech scale, Nectria infection 
caused extensive bark necroses, producing yellow foliage in the crown. Such 
trees were moribund. Within an affected forest a mortality rate of nearly 
5% a year occurred. Dendrochronological studies did not indicate that 
damage was initiated in any one year.
Ascospores of Nectria from a diseased tree were trapped throughout the 
year, and their discharge was associated with prevailing wet weather.
Nectria isolates infected bark of forest and potted beech only through 
wounds. Inoculations were most successful during host dormancy. Small 
cankers were formed but were soon delimited by callus production. Relatively 
larger cankers appeared to be formed when water supplied to the host was 
restricted.
Increase in girth of pole-stage trees was greatest following a heavy 
thinning, although over three years Beech scale infestation increased
irrespective of thinning treatment. Artificial establishment of Beech scale
onto uninfested trees was initially successful.
Perithecia were produced by mated cultures of isolates from opposite
compatibility types. Characteristics of Nectria associated with Beech bark
disease in southern England agreed with those of N. coccinea sensu lato.
o oThe fungus grew best between 22 and 27 C. Substantial growth occurred at 
5°C.
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I N T R O D U C T I O N
Beech bark disease is a complex disorder primarily attributed to the 
effects of a pathogenic species of the ascomycete Nectria Fries, following 
infestations of the Beech scale, or Felted beech coccus, Cryptococcus fagi 
(Baerensprung)• The disease is endemic in Europe where Fagus sylvatica L, 
is the principal host. The cause of beech deaths, which have been recorded 
for well over a century, was ascribed originally to the activity of conspicuous 
infestations of the insect alone. In Great Britain some 19th, century accounts 
describe it as a most destructive pest. Around the turn of the century there 
was much concern over the widespread infestations occurring at that time, such 
that the Rev. Wilks (1902) commenting on the situation in southeast England, 
feared that beech is doomed all over the country, and that the next
generation will only know by pictures and reports how gloriously beautiful our 
forest beeches have been.n In North America the insect and subsequent disease 
accidentally introduced about 1890 have spread slowly westwards and southwards 
through one third of the natural range of the American beech Fagus grandifolia 
Ehrh.
However, the fears of widespread devastation of beech in Great Britain 
have never been realized, although serious local outbreaks of the disease can 
occur. Previously the disease was considered to affect only mature or over­
mature stands, but major outbreaks built up during the 1960's in pole-stage 
plantations of southern England. About half of the beech in Great Britain is 
grown in southern England. There are some sites particularly on calcareous 
soils where, beech will grow better than most other broadleaved trees, so it is 
planted extensively on the chalk downlands often as a first rotation crop. In 
the Forestry Commission's southeast and southwest England conservancies 1483 ha., 
planted between 1931 to 1940, became susceptible during the i960's, and 
further outbreaks of the disease may be expected as the peak of 4086 ha., planted 
between 1951 to i960, reach a susceptible age in the 1980's.
Thus the present research project was initiated in 1968, and has been .the 
main subject of my investigations in forest pathology since autumn 1969* Three 
main methods of research were employed:- (i) surveys and observations, (ii) field 
and glasshouse experiments, and (iii) laboratory studies. Surveys were undertaken 
to determine the incidence of the disease within some forests in southern 
England. Factors which may influence the severity of attack were studied using 
aerial photographs, forest records, and ground observations. Experiments were 
designed to elucidate the role of the fungus and other factors in the biology 
of the disease. Laboratory work was directed towards characterization of the 
Beech bark disease Nectria in southern England.
A general account of the problem is in the press:
i I
PARKER, E.J. (1974): Beech bark disease. Forest Rec., Lond. 96.
REVIEW OF LITERATURE
An early mistake
Early in the 19th century a diseased condition of beech in Europe was 
observed. The white woolly wax secreted by the Beech scale associated 
with this disease was erroneously described as a fungus Psilonià nivea by 
Fries (1832), who classified it as Fungi Imperfecti, class Hyphomycetes, 
order Sepedoniei. A revised description of P. nivea was published by 
Kickx (1867), who noted the appearance of microscopic globules thought to 
be conidia. Some species of Fries' PsiIonia were transferred to the genus 
Volutella (Saccardo, 1886), including V. nivea (Fries) Sacc. This mistake 
was perpetuated by some mycologists into the 20th century (De Wildeman and 
Durand, 1898; Lindau, 1909)•
The first record of the disease in Great Britain referred to a white 
rapid-spreading fungus which gave the bark of trunk and branches a snow 
covered appearance (M'Intosh, 1849)• P. nivea was described as remarkable 
for its curled flocci which sometimes resembled unrolled spiral vessels 
(Berkeley and Broome, 1859)* The mistake was corrected when the white 
substance on beech bark was clearly associated with an insect (Berkeley, 1865, 
1867; Cooke, I87I; Lambotte, I88O). The "fungus" V. nivea was stated to 
be produced by the insect Adelges fagi (Cooke, 1888; Saccardo, 1892; Massee, 
1893; Weese, 1931).
The historical nomenclature was discussed by Ehrlich (193^)* On the 
basis of Cooke's examination of an authentic specimen from Fries and 
following his own examination of specimens collected by Libert (1838), Ehrlich 
asserted that the "fungus" P. nivea Fries was in fact the woolly wax of the 
scale insect.
Recognizing the disease complex
The early history of the disease itself is gleaned from horticultural 
and entomological accounts. The presence of fungi, including Nectria ditissima 
Tul., following insect infestations was observed but they were considered to 
be secondary and of little importance (Hartig, 188O)• Greater importance was 
attributed to insects which caused wounds allowing entrance of fungi and 
subsequent canker development. Hartig reported the occasional death of 
infested trees and suggested that considerable damage might result in young 
stands especially those on poor soils, but that in older stands the disease 
became injurious only in individual cases (Hartig, 1878).
After the turn of the century, it became increasingly evident that 
associated fungi (principally N« ditissima) were causing serious injury 
(Boulger, 1907; Boodle and Dallimore, 1911). In Germany, Rhumb1er (1922) 
recognized the complex nature of the disease, naming it "Scheimfluss - Wollaus - 
Nectria Krankheit". He concluded that the insect alone never caused the death 
of beech, but that the effects of a predisposing factor encouraging slime 
flux and light infestations of Beech scale aided killing by fungi such as 
N. ditissima and subsequent deterioration by secondary organisms.
In North America, the first account of the problem was given by Faull 
(1930 a, b). Most workers have since recognized the complex as described and 
named "Beech bark disease" by Ehrlich (1934). American and European workers 
have added further facts in the light of their own investigations (Spaulding,
1948; Thomsen et al., 1949; Shigo, 1964).
Continental workers have emphasized the role of climatic and physiological 
factors (principally the effects of long dry summers and of severe winters), 
with attack by fungi occurring as a later factor in the complex (Liebundgut and 
Frick, 1943; Zycha, 1950, 1951; Liese, 1951)* More recent review articles 
have presented all view points in an attempt to decide which factors of the 
complex are the most important (Schwerdtfeger, 1963; Paucke, 1966 a; Lyr, 1967).
The insect
The Beech scale was first described as an insect by Baerensprung (1849) and 
named Coccus fagi. The first detailed British description was by Hardy (1850). 
Later designations include Chermes fagi (Kaltenbach, 1872), Pseudococcus fagi 
(Signoret, 1873); and Cryptococcus fagi (Douglas, I890). The latter name has 
since been accepted by most authors.
Various common names have been ascribed to C. fagi. In Great Britain the
name "felted beech coccus" has been in general use (Newstead, 1900; Forestry
Commission, 1956; Burdekin and Parker, 1971)* Beech scale is the approved
name in the U.S.A. (American Association of Economic Entomologists, 1930), and
fThomas eiat., 1968)
is the name used throughout this thesis^ . However, following the discovery of 
another scale insect on beech which may also be implicated in the disease 
(Shigo, 1962, 1972), it may be better to use a more descriptive name for 
C. fagi such as "felted beech scale".
In the latter half of the 19th century accounts of injury and mortality 
associated with infestations of the Beech scale appeared in many entomological 
papers. Some reports described the insect as a most destructive pest.
Infestations were widespread in Germany (Hartig, i860) and in Great Britain 
(Wilks, 1902), while establishment of the insect in North America threatened 
serious damage to Canadian beechwoods (Braucher, 1914)•
The insect reproduces parthenogenetically. No males are known, although 
Rhumb1er (1914) reported them to occur very rarely. The pale yellow eggs 
about half a millimetre long are laid throughout the summer in batches of 
up to eight often in a string. The motile first instar larvae hatch from 
late summer to early winter, and are characterized by two pairs of setiferous 
anal lobes, each of the ventral pair bearing a long slender bristle, two pairs 
of anal spines, three pairs of legs, and five-segmented antennae. The 
majority of larvae work their way to the base of their colony and settle in 
bark fissures where they remain and feed. A few larvae are active "crawlers" 
and migrate to start fresh colonies, or are dispersed by wind to other trees.
They overwinter as second instar nymphs, hatching to adult females in early
!
summer. (Figs. 1-3).
Each individual secretes a protective coat contributing to the colony 
canopy which appearsas a white woolly felt on the main trunk of the infested 
tree. The degenerate adult female has vestigial three-segmented antennae, 
tuberculate vestiges of the third pair of legs (the first two pairs are absent) 
two trimerous sets of lateral spines flanking the anus, and an anal ring 
bearing an anterior and a posterior pair of spines (Sulc, 1896; Newstead, 1903 
Rhumbler, 1914; Ehrlich, 1934).
The Beech scale was observed to prefer soft barked trees, and to be more 
abundant in the interior of a beech stand than at the edges (Reichling, 1920). 
The health or vigour of the tree does not seem to influence the build-up of a 
heavy infestation. The sheltered side of the tree appears to be the more 
heavily attacked, and protection by lichens favours the initial establishment 
of scale colonies (Ehrlich, 1934)•
Concern has been expressed from time to time over the rapid increase in 
Beech scale populations (Duchesne, 1909; Thomsen et al., 1949), yet other 
reports indicate heavy infestations can be present for many years without 
serious effect on the health of the trees (Boulger, 1907; Boodle and Dallimore 
I9II)• Fears that large areas of beech would be destroyed have never been 
realized although the disease can become serious locally. In Denmark, the 
outbreak of Beech scale which had built up in the 1930's declined rapidly 
through natural causes in the early 1940's. However in the localities with 
the most serious attack, secondary fungal infections occurred with disastrous 
effects on the trees (Thomsen et al., 1949)•
Fig. 1. Cryptococcus fagi, 1st instar larva or ^ crawler”
Phase contrast, X 300 (approx.)
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Fig. 2. Cryptococcus fagi, 2nd instar larva
X 3,00 (approx. )
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Fig. 3* Cryptococcus fagi, adult. Phase contrast, X 150 (approx.)
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Attempts have been made to identify factors influencing the establishment 
and extension of the Beech scale both within a stand and upon individual 
trees. Crawlers were found to be wind dispersed (Jennings, 1955) being 
trapped on sticky bands more on the south-west side of trees facing the 
prevailing wind than on the sheltered sides. Early development of insects 
followed a mild winter and warm spring, yet subsequent population decline was 
blamed on excessive drought (Schindler, 1962). Kunkel (1968) investigated 
the population dynamics of C. fagi and the reaction it causes on individual 
trees. A physiological change is induced in the outer layers of the periderm, 
and large-scale bark necroses can result.
Forestry Commission Leaflet No. 15 (1956) "Felted beech coccus" is the 
standard British reference, and was originally published in 1926. It was 
preceded by the Board of Agriculture Leaflet No. 140 (1905) "Beech coccus".
The fungus
On hardwoods, Nectria spp. cause dieback of twigs, and cankers of 
branches and stems following local necroses in bark and cambium (Hartig, 1878, 
1880). N. coccinea Pers. ex Fr. was named by Fries (1849) following earlier 
descriptions of Sphaeria coccinea on beech bark by Persoon (l800) and Fries 
(1823)• A new species N. ditissima was proposed by Tulasne (1865) following 
apparent disagreement of earlier descriptions of S. (N.) coccinea (Lohman and 
Watson, 1943). N. ditissima was regarded as a wound parasite and identified 
on the bark of beech that had snapped as a result of the disease (Nypels, 1899; 
Boodle and Dallimore, I9H 5 Rhumbler, 1915). Nevertheless, the exact identity 
of the dull red fructification was still in doubt with some authorities consider­
ing N. ditissima as a synonym of N. coccinea (Weese, 1918; Richter, 192:8).
N. galligena Bres. is associated with canker on various hardwoods, and is a 
particularly important pathogen of pomaceous fruit trees (Weese, 1911;
Wollenweber, 1913).
The taxonomy of these fungi has an unfortunate history of confusion.
Diverse methods have been used to classify the genus Nectria, and have included 
differentiation by size and septation of conidia, by dimensions of asci and 
ascospores, and by stroma formation and perithecial structure. The size of 
spores varies with the substratum and host species (Lortie, 1962), and as a 
result the limits of Nectria spp. are difficult to determine (Booth, 1959)• The 
formation of stroma, and perithecial production in vitro is dependent on the 
available nutrients, the conditions of incubation, and the introduction of strains 
of opposite compatibility types (Hanlin, I96I; Lortie, 1964; Parker, 1972)*
Recent taxonomic research has also involved the analysis of chemical 
requirements and constituents. Little difference in vitamin, pH, 
carbohydrate, and nitrogen requirements was found when a physiological 
comparison of N. coccinea and N. coccinea var faginata was made (Stone, 1967). 
Doyle (1971) investigated the potential use of secondary metabolites and 
pigments in the classification of the genus Nectria. Using an electrophoretic 
technique LaMadeleine (1973) differentiated two principal types of enzyme 
patterns with N. ditissima and N. galligena in one group and N. coccinea and 
N. coccinea var faginata in the other. Total protein patterns verified this 
relationship and confirmed that all species were distinct from each other.
Spore sizes were considered to be an important characteristic in the 
determination of Nectria species (Wollenweber, 19265 Richter, 1928), hence 
N. ditissima could be placed as a distinct species between N. coccinea and 
N. galligena. The ascospores of N. coccinea range from 8 to 14 pain length 
(averaging 12 to 13 PM), compared with those of N. galligena with a range of 
14 to 22p (averaging 17 to 18 P M ). Conidia of the former species are more 
curved, shorter and with rounder ends (Zeller, 1922; Westerdijk, 1923;
Westerdijk and van Luijk, 1924). The fungus associated with the disease in 
Denmark was claimed to be N. galligena on the basis of ascospores of average 
size 14 x 6 pm (Thomsen et al., 1949).
Ashcroft (193^) considered the size of spores to be of no systematic value, 
but that certain morphological characteristics should be used to separate 
species into three groups, pathogenic, weakly parasitic and saprophytic. With 
the very widespread and common species N. coccinea no clear evidence of 
pathogenicity has been reported ( Richter, 1928; Moritz, 1930; Booth, 1966). 
British Nectrias are separated by a modification of Ashcroft’s classification, 
with N. ditissima accepted as a distinct species on the basis of perithecial 
appearance and formation, and ascus structure (Booth, 1959).
In North America the fungus associated with beech mortality was considered 
to be an undescribed variety of N. coccinea (Faull, 1930; Ehrlich, 1931, 1933i 
1934). The fungus is characterized by globose to ovoid clustered perithecia, 
mostly 200 - ^00 pmdiameter, on discoid erumpent stromata. The asci contain 
eight oval to elliptical uniseptate ascospores ranging from 7*3 to 16.Ipmin 
length by 4.1 to 7*5p^wide (mean 11.9 x 5.7p<m)* The microconidia are typically 
unicellular, occasionally septate; and the macroconidia are elongated, 
slightly curved 3 - to 9 - (mostly 5 - to 6 -) septate, and 60 - 90 x 5 - 6 pm 
(range 48 - 125 x 4.2 - 6.6 yM).
The presence of two types of Nectria on scale-infested beech was 
recognised. One was that associated with Beech bark disease and described 
as N. coccinea var faginata Lohman, Watson, and Ayers, isolated from the 
weak and mostly scale-infested cortex of beech, F. grandifolia, in New England 
and the Canadian Maritime Provinces. The second was the larger ascospored 
species N. galligena associated with hardwood canker in Northeastern U.S.A. 
Abundant fruiting of this species occurred between 4 and 30 months following 
girdling or felling of diseased wood, being most profuse in Spring. The 
fungus which extended saprophytically from cankers was found to be identical with 
that found sparsely fruiting on active cankers. Diagnosis of species was 
based on ascospore shape and dimensions, micro- and macroconidial shape, and 
progressive coloration and mycelial habit on standard culture media (Welch,
1934; Spaulding, et al., 1936; Lohman and Watson, 1943).
In England,a Nectria species was considered to be the most important 
factor in the initial stages of bark dieback. Beech scale infestations were 
thought to be connected with the disease on older trees (Forestry Commission, 
1950, 1951, 1954).
In his monograph "The Genus Cy1indrocarpon" Booth (1966) refers to 
C. candidum (Link) Wollenw. conidial state of N. coccinea on hardwood trees, 
dung, and soil. He named C. faginatum as the conidial state of N. coccinea 
var faginata. C. willkommii (Lindau) Wollenw. is the conndial state of 
N. ditissima, and C. heteronema (Berk, and Br.) Wollenw. the conidial state 
of N. galligena.
History and spread of the disease
From the many reports of Beech scale infestations, and descriptions of 
subsequent damage to beech plantations, it is inferred that Beech bark disease 
is endemic in Europe, and has been widespread for over a century, becoming 
serious locally (Hartig, l880; Newstead, 1903; Boodle and Dallimore, 1911). 
During the 20th century the problem has been a continuing one. In Great Britain 
the Forestry Commission received reports of bark dieback and death of beeches, 
and undertook investigations during the early 1950's (Forestry Commission,
1949 - 1957 inclusive). There have been many reports of disease outbreaks in 
Europe, and the problem has been reviewed from time to time (Eulefeld, 191ft; 
Rhumbler, 1931; Liebundgut and Frick, 1943; Schindler, 1951; Vajda, 1955,
I960; Miletic, 1958; Schwerdtfeger, 1963; Mulder, 1972). In France, the 
Beech scale was first reported in 1908 (Viennot-Bourgin, 1935), and a disorder 
of beech following heavy infestations of the insect was reported by Guillemain 
(1961) and Jacquiot (1961, 1962). The insect was reported in southern Sweden
/ oin 1921, although it was comparatively rare (Tragardh, 1921), it increased 
in Denmark during the 1930's (Thomsen et al., 1949), and it was first 
discovered on beech in Italy in 1959 (Kloft and Pavan, 1961).
The situation in North America is rather different. The Beech scale was 
thought to have been introduced on imported stock of European copper beech. It 
was recognised on these ornamental specimens in the Public Gardens at Halifax, 
Nova Scotia, where it was probably present by I890. By 1914 the pest was present 
throughout the woods of that area, and by 1920 the first disease outbreak was 
recorded (Hewitt, 1914; Braucher, 1914; Boutilier, 1929). A comprehensive 
account of the recognition and early research into the disease in the Canadian 
Maritime Provinces was given by Ehrlich (1934).
At present in the U.S.A. only one third of the natural range of American
beech (F. grandifolia) has been invaded (Fig.4), although as the disease spreads 
southwards the warmer climates may mean more rapid progress. Some resistance 
to spread may result from the geographical location of intraspecific varieties 
of the host. Limited dispersal of the disease organisms is chiefly by air 
currents. Instances of isolated outbreaks distant from the nearest infected area 
have not been recorded. Birds and other animals could be responsible for minor 
local spread (Hawboldt, 1944; Spaulding, 1948; Camp, 1951, 1952; Shigo, 1971).
The insect, preceding the fungus by 3 to 5 years, spread slowly southwards 
into Maine and Westwards into New Hampshire and Vermont. In the White Mountain 
National Forest, New Hampshire, where the disease was established by 1950, 85% 
of the merchantable volume of beech was lost by the late 1960's when the endemic
phase was reached. By i960 the disease had entered the centre of Vermont, and
to date had spread to central New York, throughout Massachusetts and Connecticut, 
and to the northern portions of Pennsylvania. In Canada, the disease has 
progressed along the northern border of the St. Lawrence River through Quebec to 
Lake Ontario (Spaulding, 1948; Martineau et al., 1965; Shigo and Stone, 1967; 
Shigo, 1971, 1972; Towers et al., 1971).
An 'endemic' phase of the disease was reported in Nova Scotia in the early 
1940's. Most of the mature beech were dead. Immature trees which were heavily 
attacked when the infestation was at its height had frequently recovered but 
were seriously cankered. Light to moderate infestations were still evident in 
many areas on young trees. Some large old beech were found apparently immune 
to attack (Anon., 1945; Barter, 1947)•
At least three zones can be distinguished as the disease spreads in North 
America. > The advanced front is now in central New York State; there is
some insect infestation but Nectria perithecia are scarce. The killing front,
— — Beech scale
Beech bark disease
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Fig. 4. The status of Beech scale and Beech bark disease in N. America 
in relation to the natural range of American beech.
(after WALKER, 1969)
as in Vermont and eastern New York, results in trees dying rapidly over large 
areas of forests; the insect infestations are obvious, and Nectria perithecia 
are present on some trees. The aftermath stage from Vermont eastwards to the 
coastal areas, includes beech that were apparently resistant and are still 
thriving; other trees with all gradations of injury can be found, often 
weakened by secondary micro-organisms (Shigo,1972).
Symptoms of the disease
Isolated dots of white wool are the first indications of Beech scale 
infestation. The insect prefers the shelter of rough bark, crevices, lichens 
and algae, and the area of trunk immediately beneath a branch. Infestations 
tend to start near the base of a tree, and are confined to the main trunk and 
larger branches. As the population increases, patches of heavy infestationoccur 
which may often be evident on the upper regions of the trunk. Eventually the 
whole of the main trunk may become covered by the white woolly wax secretion 
which is most conspicuous in late summer and early autumn. Nevertheless, 
neighbouring trees can remain free from infestation (Duchesne, 1909; Thomsen 
et al., 1949; Shigo, 1972).
The Beech scale feeds on the sap of bark cells and affected areas may 
gradually become dry. Infestations may themselves weaken a tree although some 
trees have been observed to support innumerable colonies on the bark for many 
years. Death of cells punctured by the probing of the insects proboscis leads 
to shrinkage and tearing of the periderm, which enables the fungus to invade 
the host. Small necrotic patches of bark may then be seen under the felt of 
the Beech scale (Foggo, 1863; Brotherston, 1904; Boodle and Dallimore, 1911$ 
Ehrlich, 1934; Guillemain, 1961; Jacquiot, 1961, 1962; Sinner, 1965; Shigo, 
1972).
The fungus advances through the living tissues of bark and cambium.
Extensive death of these tissues interferes with the normal conduction and 
storage in the trunk. Saprophytic growth on the dead bark results in a liquid 
exudation (slime-flux, sap flow, brown spot, tarry spot) in which bacteria 
abound. Dead areas of bark are later demarcated by surrounding callus growth. 
Progressive decline results in the production of crowns with thin foliage, 
often chlorotic in appearance. Large areas of dead bark on the trunk may 
crack loosen, and slough off. The tree dies after the fungus has girdled the 
trunk. Trees weakened by secondary decay organisms may snap during high winds 
(Prior, 1913; Ehrlich, 1934; Thomsen et al., 1949; Georgi, 1965; Shigo, 1972).
External symptoms of Nectria infection usually occur after two years 
of heavy Beech scale attack, and are characterized by death of bark - colonizing 
organisms including the Beech scale. Infection is followed by the appearance 
of white conidia in summer, and red perithecia in autumn, which are produced 
on the recently killed bark. Secondary and tertiary infections by wood-boring 
insects and wood-rotting fungi contribute to the death and decay of trees 
(Barter, 1947; Spaulding, 1948; Thomsen et al., 1949).
Phenological observations showed that leaf colouring and leaf fall occurred 
7 and 5 days earlier respectively on diseased trees, than on healthy trees 
(Paucke, 1966 c). The incidence of necroses is highest on the most valuable 
part of the stem (lower f), and on tree classes forming the main canopy. 
Symptoms were most frequent on trees of age classes 60-140, resulting from the 
more severe advanced stage of the disease (Paucke and Groh, 1965 a; Stefancik 
and Leontovyc, 1966). The changes in crown conditions of affected stands in 
Vermont were monitored over a three year period using infra-red colour and 
true-colour aerial photography (Houston, 1970).
Popular accounts of disease symptoms are given in advisory leaflets or 
information notes (Crosby and Jones, 1950; Forestry Commission, 1956; Fowler, 
I960; Shigo and Stone, 1967; Shigo, 1970).
Secondary organisms
The oyster shell scale Lepidosaphes ulmi causing twig and branch mortality 
of American beech leading to a slow progressive reduction of vigour may be 
a possible precursor to the disease in unaffected areas of New York State 
(Groot, 1967)• Following the advance front of Beech bark disease in North 
America there is another scale insect, Xylococculus betulae (Perg.) Morrison. 
This insect causes bark roughening, which provides suitable courts of 
infestation for C. fagi and later infection by Nectria spp., and also causes 
defects which decrease the value of the tree. The winged males of X. betulae 
could act as vectors for fungi, as they seek out females during mating 
(Shigo, 196JL, 1964).
' On seriously affected trees, the mycoparasite Gonatorrhodiel1a highlei 
A.L. Smith may be found growing on the abundant perithecia of N. coccinea.
So constant is the association of the mycoparasite with Beech bark disease in 
North America that the conspicuous clay-coloured patches of sporulating 
G. highlei render it an indicator fungus of N. coccinea. It has not yet been 
recorded in association with the disease in Europe (Ayers, 1941; Ehrlich, 1942; 
Spaulding, 1948; Blyth, 1949 a, b; Shigo, 1964, 1972)•
The Ambrosia beetles Xyloterus domesticus L. and Hylecoetus (Lymexylon) 
dermestoides L. attack the moribund tree, tunnelling into the wood. They 
carry in spores of wood rotting fungi, one of which, Polyporus adustus 
(Willd.) Fr., is closely associated with the symptom of Beech.snap 
(Prior, 1913). Stereum hirsutum (Willd.) Pers. is another sapwobd colonizer, 
and later heartwood destroying fungi, particularly Fomes spp., occur 
(Hartig, I88O; Rhumbler, 1914; Ehrlich, 1934; Thomsen et al., 1949;
Shigo, 1964). The beetles may also act as vectors for bark saprophytes such 
as Hypoxylon spp. and Diatrype disciformis (Okon, 1956; Shigo, 1964). In 
North America the wood wasp Tremex columba and an associated fungus Daedalea 
unicolor may assist the deterioration of infected Beech bark (Stillwell, 1964; 
Shigo, 1964).
Wood decay is an important secondary process following the decline and 
death of trees (Cartwright and Findlay, 1942)• Dead beech trees deteriorate 
rapidly (Rajman, 1970; Stajduhar, 1971)1 and defects associated with bark 
necroses may greatly reduce the timber value (Knigge and Schulz, 1962;
Georgi, 1965; Paucke and Groh, 1965 b).
Factors thought to influence the initiation and development of the disease
Disease outbreaks have sometimes been related to abiotic causes, including 
the effects of climate, and/or site factors. Evidence that such agencies 
may predispose trees to the disease is usually circumstantial and inconclusive. 
Nevertheless it is necessary to seek some information on the factors 
influencing the population dynamics of the Beech scale, and the subsequent onset 
of Beech bark disease. In this context, little attention has been paid to the 
host genotype.
It has been suggested that Beech scale infestation increases only following 
predisposition from other causes. Despite the fecundity of the Beech scale 
the offspring seldom survive when the host tree is in normal health, thus 
increase in infestation is usually slight. A healthy tree will remain uninfested 
although growing in close proximity to a severely infested one (Rhumbler, 1914)• 
Young tender bark was thought to be favourable to the quick spread of the insect 
(Duchesne, 1909). Bark turgor level was considered to be an index of the 
degree of tree vigour, and vulnerability to canker disease by invasion of 
facultative parasites (Bier, 1961, 1964).
The insect is favoured by the moist conditions of sheltered bark. 
Infestations may be observed on trees of all ages and sizes. Density of the 
crop, and shelter or exposure to prevailing winds appear to be important
factors influencing infestation. Climate is likely to restrict the 
geographical range of the Beech scale, and to influence its incidence within 
that range (Duchesne, 1909; Boodle and Dallimore, 1911; Munro, 1925;
Ehrlich, 1934). The build-up of Beech scale in Denmark during the 1930's 
was thought to be due to a series of warm summers and a general lowering of 
the water table, whereas the subsequent decline was ascribed to the cold 
winters of 1939-42 (Thomsen et al., 1949). The hypothesis that lack of 
adequate water may be conducive to the onset of disease is strengthened when 
it is considered that although beech may be found on many soil types, it grows 
best on deep, rich, well-drained, moist soils (Rushmore, 196l).
Abnormally early development of Beech scale populations was reported to
follow the mild winter and warm spring of 1958-9 in Germany. The insects
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became numerous on beech near Gottingen by early summer. During the remainder 
of 1959 and subsequently, the coccid population decreased in spite of another 
mild winter and spring, and had returned to its normal low level by 1962. The 
reason for the decline was said to be excessive drought (Schindler 1962).
The two climatic factors which feature prominently in hypotheses on the 
cause of Beech bark disease are long dry periods and severe winter conditions. 
Whilst both agencies are capable of causing damage themselves, it is often the 
cumulative physiological effects of successive seasons of adverse weather which 
are blamed for disease outbreaks (Bos, 1924; Spaulding and Hansborough, 1935; 
Yeo, 1953; Georgi, 1965; Stefancik and Leontovyc, 1966). The effects of 
severe climatic conditions are more pronounced where the soil is shallow and 
permeable, hence site factors become an important consideration (Rausch, 1951; 
hemps, 1955; Miletic, 1958). Beeches may be made more susceptible by unusual 
climatic conditions when (i) shelterwood cutting, (ii) soil compaction by 
logging, and (iii) thinning, have occurred (Bejer-Petersen,1964; Bejer- 
Peterson and Koch, 1964).
Extreme climatic conditions will also affect beech more seriously where 
it is growing near the limits of its distribution (Szanto, 1948; Vajda, i960)• 
At the I.U.F.R.O. Congress 1961, dieback in beech forests (F. moesiaca) of N.E. 
Serbia was attributed to changes in microclimate after interruptions of canopy 
closure in the course of heavy exploitation, and not to changes in macroclimate 
which were negligible. In Denmark, a sudden change to a more drastic thinning 
regime was thought by several foresters to have furthered the disease outbreak 
(Thomsen et al., 1949).
The direct effect of an inadequate water supply on nutrient uptake 
and translocation results in inferior wood formation and retarded 
development of the root system. (Bos, 1924; Zycha, 1951; Schwerdtfeger, 1963). 
Frost also may cause direct injury to the host tissues (Lagner, 1936; Holleben, 
1943; Sittig, 1950; Wobst, 1950). Climatic stress alone has sometimes been 
considered as the basic cause of disease outbreaks although proof is lacking 
(Liebundgut and Frick, 1943; Forestry Commission, 1956, 1957; Zycha, i960; 
Schwerdtfeger, i960, 1961, 1962; Borchers, 1961). Similar weather 
conditions in other years have not yielded similar results (Ruedi, 1944; 
Schwerdtfeger, 1963). Experiments with cold and heat treatment have reproduced 
symptoms of bark necosis (Dimitri, 1967, 1968; Paucke, 1968), but in practical 
terms these results give little support to the theory of abiotic factors being 
causally involved (Conrad, 1972).
Unfavourable site factors are also likely to predispose trees to disease. 
Day (1946) postulated a pathological climax where beech, the recurrently 
dominant species on the shallow calcareous soils of southern England, became
diseased and failed because of the nature of the soil, the climate, and the
character of the host species. He described the chlorosis of beech due to
iron being rendered inactive by the physical and chemical nature of the soil,
and the adverse water conditions in dry seasons. Peace observed that some if 
not all of three factors were associated with the disease: (i) a thin freely- 
drained soil, (ii) an old crop, often over 100 years of age, and (iii) a 
history of underthinning, leading probably to great competition among individuals 
in the stand (Forestry Commission, 1954). In Belgium also, an overcrowded 
crop was considered responsible for a disease outbreak (Duchesne, 1909)• a
study of disease sites, a tendency for disease susceptibility to increase with 
increasing soil nutrient status and moisture content was found (Paucke, 1966 b).
It is thought likely that abiotic factors may act as predisposing agencies, 
allowing the establishment of insects and fungi on the host giving rise 
subsequently to Beech bark disease (Munro, 1925; Ruedi, 1944; Liese, 1951j 
Zycha, 1951; Parker, 1969). There have been several reviews of the whole 
complex of abiotic and biotic factors involved (Schindler, 1951; Paucke, 1966 a:
Lyr, 1967).
Experimental Work
Factors influencing the pathogenicity of Nectria species have been 
investigated under field and glasshouse conditions, using artificial inoculation 
techniques. Both N. Galligena and N. coccinea caused cankers on beech 
(Westerdijk, 1923), although it was recognized that different strains of the
same species of Nectria could give quite different reactions, which would 
probably account for the lack of consistency in the results of different 
research workers (Richter, 1928; Moritz, 1930).
The fungus infects beech bark by entering the minutely fissured periderm 
where the Beech scale has fed, thence invading the tissues of bark, phloem, 
cambium, and peripheral sapwood. These tissues are killed in advance of the 
fungal mycelium which spreads intercellularly. Cambial activity is vigorous 
at the margins of infection (Ehrlich, 1933; Ashcroft, 1934).
Natural infection of hardwoods by canker-causing fungi seems to be 
dependent on wounds such as those occurring at branch axils (Bier, 1940; French 
and Oshima, 1959)• For artificial inoculations a knife incision gives a 
uniform wound, and other injuries have been produced by hammer blows, increment 
borers, breaking branches under bending stress, and removal of leaves to give 
leaf scars (Lortie, 1969). N. coccinea appears to be dependent on injury for 
successful infection. When the tree is in good health, local spread of 
infection is soon sealed off to form a small canker without sustaining perennial 
infection. Trees of low vigour permit rapid canker growth (Ehrlich, 1934; 
Liebundgut and Frick, 1943; Lortie, 1962).
A marked seasonal response is found to occur with inoculations of 
Nectria spp. on hardwoods. Most infection occurs during the winter, but little 
or no success has been obtained during the growing season of the host (Koning, 
1938; Grant and Spaulding, 1939)• However, in the more severe winter conditions 
of North America less numerous and smaller cankers were formed than during the 
other seasons of the year, although N. galligena is apparently well adapted to 
the winter climate of Quebec, germinating, growing, and discharging spores at 
0°C (Lortie, 1962, 1969, 1970).
In the forest, ascospores are produced in much greater abundance than 
conidia, and are therefore considered mainly responsible for natural infection 
(Lortie, 1964 b). For experimental inoculations fresh perithecia have been 
crushed in sterile water to give a suspension of ascospores, conidial 
suspensions have been made by washing agar slants, and mycelium has been grown 
on malt agar. However mycelium growing on a medium consisting of a 3:1 mixture 
of sterilized whole oat and wheat grains has provided the best inoculum. The 
grains are a good food base for fungus establishment, providing a mass inoculum 
effect. They remain moist in artificial wounds for long periods, and viable 
mycelia have been found on grains a year after inoculation. Inocula may be 
protected by cotton wool, aluminium foil, and masking tape (Roll-Hansen, N. D., 
1962; Shea, 1963; Lortie, 1969).
Without mechanical injury, it was shown experimentally that the fungus 
could invade only bark already infested by Beech scale for longer than one 
year. Bark protection experiments by controlling infestations of Beech 
scale gave significantly less infection than on unprotected areas, supporting 
the theory that the ability of Nectria to infect beech naturally is dependent 
on feeding by C. fagi (Ehrlich, 1934). In order to elucidate the role of 
C.fagi in the spread of N. coccinea var faginata. Stone (196? b) attempted to 
culture the fungus from the insect but was successful in less than IP/o of 
isolations. Apparently the insect rarely carries the fungus externally, 
although it may possibly do so internally.
Expressed sap from necroses and slime flux, and diseased bark transplanted 
into healthy bark have failed to infect healthy trees, thus erroneously 
suggesting that primary pathogenic organisms were not involved (Stautz, 1931» 
Huge, 1950; Zycha, 1959» Paucke, 1966 a). Inoculations of N. coccinea on 
beech logs showed that the fungus spread only during the dormant season, and 
that it produced dying of bark only if a certain water deficit was present 
(Lyr, 1967).
Perithecial production and subsequent exhaustion is closely dependent on 
moisture relations. Conidia are released and dispersed in summer by wind and 
splashing rain. Ascospores are ejected as the perithecia dry out following 
periods of rain or very damp weather at all times of the year (Spaulding et al., 
1936; Lortie, 1962; Lortie and Kuntz, 1963).
The optimum temperature for growth of N. coccinea on malt agar is 
18 - 24°C. The maximum is 33°C, and the fungus has survived for over one month 
at -3°C (Liebundgut and Frick, 1943). Various synthetic and natural media 
have been used in attempts to produce perithecia in vitro. Monosaccharides as 
a carbon source, and amino acids as a nitrogen source supported fruiting in 
synthetic media, but maximum perithecial development was on natural media 
such as wheat germ, mixed grains, and V-8  juice agar (Krause, 1930» Hanlin, 
1961; Qureshi and Page, 1972)*
Autoclaved twigs and soil inoculated at each end of a dish with different 
isolates of the imperfect Cephalosporium state of N. cucurbitula, then placed
in diffuse daylight at l8°c, produced perithecia in 2-3 months. The greatest 
number of perithecia were found where mycelia met on the twigs, but many were 
also formed on the soil. Since there were apparently two groups of isolates 
of differing sexual compatibility, the fungus was assumed to be heterothallic 
(Roll-Hansen, F., 1962). Using freshly isolated cultures grown on oat and 
wheat grains, Lortie (1964 a) obtained fully developed perithecia and asci
of N. galligena within 8 weeks.
Control
The measures available to combat development and spread of Beech bark 
disease fall into three main categories. Natural control embraces host 
resistance to attack, predation of the Beech scale, and the occurrence of 
fungi which may reduce the activity of Nectria. Silvicultural control 
requires special management policies for affected stands. Chemical control 
is practicable only on specimen trees, or within small areas of high 
amenity woodland.
The Beech scale is endemic in Europe, and it has been suggested that 
the European beech F. sylvatica is more resistant to the effects of insect 
infestations and subsequent fungal infection than the American beech 
F. grandifolia. At Halifax, Nova Scotia, where the insect was accidentally 
introduced, the European beech have survived an apparently continuous 
infestation for over fifty years (Balch, 194?). Trees surviving a disease 
outbreak may well do so because of resistance factors in the host genotype. 
Coppice shoots and saplings have a greater resistance to the insect, and 
are apparently not attacked by the fungus (Brower, 1949)• In North America, 
resistance to the disease has been attributed to certain intraspecific 
varieties of beech. No variety is immune, but there are host differences in 
response attack. There are three basic varieties of American beech; the most 
susceptible is red beech, probably because of the abundance of protected areas 
which the insect can find on the rough bark, white beech is intermediate, and 
gray beech is least susceptible (Camp, 1951).
Certain arthropods recorded amongst the Beech scale colonies include mites, 
larvae of a lacewing fly (Chrysopa.sp.), ladybird larvae, and a lampyrid 
Lusidota corrusca L. (Baerensprung, 1849; Hardy, 1850; Newstead, 1901; 
Theobald, 1905; Brown, 1934). No parasites or predators have been found to 
effect any reliable control over Beech scale populations (Rhumbler, 1915; 
Tragardh, 1921; Ehrlich, 193(0• Predators include Coccinellids of the genus 
Chilocorus, various Chrysopids and Hemerobiids (Neuroptera), undetermined 
larvae of Cecidomyidae, and different species of larval Crytophagid beetles. 
Large black mites have often been seen on infected bark, but these may be sapro- 
zoic on dead scales, their cast skins, or excreta (Forestry Commission, 1956).
The predatious insects which when common are reported to exert some control 
over Beech scale infestations include Temnostethus gracilis Horv., Chilocorus 
renipustulatus (Scriba) (Schindler, 1962), and Chilocorus stigma say 
( bivulnerus Muls.) (Swaine, 1930; Brown, 1934; Ehrlich, 1934; Barter, 1953; 
Shigo, 1964). Intensive searches for fungal parasites of C. fagi have not
been made. Scale insects in other parts of the world are known to be 
attacked by species of Aschersonia the conidial state of Hypocrella spp.
(Mains, 1959 a, b, c).
Natural reduction of Beech scale populations has been reported to 
follow extremely cold winter temperatures. Canadian observations indicate that 
temperatures of -30°F and below are required to kill insects not protected 
by snow (Thomsen et al., 1949; Barter, 1953)•
The Beech scale is reported to avoid very soft, tender, and corky bark, 
and trees which the slug Limax arborurn has cleared of lichen and the alga 
Protococcus pluvialis. Scrubbing the bark would therefore be a measure of 
some value, although when attacks of the pest occur in less than 10% of the 
crop, felling infested trees is recommended (Rhumbler, 1914).
Fungi such as Hypoxylon cohaerens and H. rubiginosum, invading bark after 
death of the host tree, utilize the substrate so rapidly that growth of Nectria 
is arrested, and the bright red perithecia oh the bark turn black and soon 
disintegrate. The mycoparasite Gonatorrhodiella highlei is known to reduce 
the production of conidia and perithecial initials of N. coccinea (Shigo, 1964).
Silvicultural control is based on sanitation thinning and prompt removal 
of timber from the forest. In Belgium, a dense stand was considered ideal for 
spread of the Beech scale, whilst suitable thinnings resulted in decline of 
the insect population (Duchesne, 1909)• Heavily infested trees and larger 
uninfested trees should be cut if possible before symptoms of Nectria infection 
are apparent (Barter, 194?; Thomsen et al., 1949). Felling should be 
undertaken in winter or early spring to minimize the risk of Beech scale 
dissemination (TragSrdh, 1921). If cankered trees are present in the crop, 
these should also be removed (Spaulding, 1948).
Economically it is necessary to fell and market infected, dying, and 
recently killed trees as quickly as possible whilst the timber remains sound. 
Secondary insects and fungi will soon invade and rot the beech wood. Prompt 
salvage is important also, from the sanitation point of view. Diseased trees 
left on moist ground may become a prolific source of infection for adjacent 
stands (Bertelsman, 1913; Ehrlich, 1934; Welch, 1934; Zycha, 1951)»
Zycha (1951) suggested that a careful choice of site may reduce disease 
incidence. Ehrlich (1934) recommended that Beech should be favoured on broad 
ridges, but removed from steep slopes. Spaulding (1948) reported that the 
disease appeared more destructive to old slowly growing trees, whilst the 
younger ones survived to make fairly good growth. Therefore it seemed
necessary to keep a stand in vigorous growing conditions. Rausch (1951) 
recommended thinning in the upper storey to ensure good crown and root 
development.
The correlation between disease and percentage beech in stand, size of 
tree, and crown density, suggests that thinning should be undertaken. This 
wouldî (i) produce minor crown openings creating more unfavourable conditions 
for pathogens, (ii) remove more beech to lower its percentage in the stand,
(iii) leave a less susceptible stand by culling trees of larger diameter 
and higher crown class, and (iv) supply immediate revenue to finance the 
operation (Ehrlich, 1934).
However, evidence from experimental work suggests there is no marked 
effect on the disease by opening up a stand (Crosby and Bjorkbom, 1958). It is 
also impracticable to remove all attacked trees in young stands. Nevertheless, 
the problem must be tackled silviculturally, and Beech bark disease must be taken 
into account when marking for thinnings. Categories of disease severity are 
recognized, and recommendations for different thinning treatments have been 
made (Georgi, 1965? Paucke, et al., 1965; Stefancik and Leontovyc, 1966; 
Stefancik, 196?; Mulder, 1972).
Some of the early chemical treatments recommended to control the Beech 
scale on specimen trees were successful but often laborious, whilst others were 
of questionable value. For example the method of placing flowers of sulphur into 
holes bored in the trunk (Gillanders, 1898) was a dubious remedy which risked 
the introduction of decay fungi around the boreholes. Soft soap and water 
scrubbed onto the bark was considered an excellent method. Spraying would have 
little effect as the insect was thoroughly protected by its thick white waxy 
secretion (Newstead, 1903).
Nevertheless, because of the ease of application spraying was adopted as 
the recommended method of treatment, with the provision that a wire brush should 
be used to scrub crevices and protected areas of bark. Successful prescriptions 
were based on a paraffin and soft soap emulsion, often with the addition of 
caustic soda or other chemical supplements to help clear the bark of lichen and 
algae. Application during dormancy was recommended (Board of Agriculture, 1905; 
Boulger, 1907; Duchesne, 1909)*
Treatments recommended in Germany were to brush off severe infestations, 
or if over 20/6 of trees were attacked to spray with Schacht's Fruit-tree 
Carbolineum (Rhumbler, 1914). A mixture of nicotine, resin, and soap gave 
satisfactory results (Reichling, 1920), whilst painting with a mixture of coal 
tar and petroleum was a somewhat drastic treatment that gave good control of 
infestations (Reh, 1927).
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Many of the contact insecticides used in the following decades were 
oil based or contained coal tar hydrocarbons (Collins, 1932; Ehrlich, 1934; 
Viennot-Bourgin, 1933» Thomsen et al., 1949; Forestry Commission, 1956). 
Experimental tests showed that a commercial Sunoco oil suspension to be most 
suitable, with a kerosene-soap emulsion satisfactory. Nicotine sulphate, 
and lime-sulphur were unsatisfactory (Ehrlich, 1932). However a 5% lime-sulphur 
suspension was later found to be successful (Smith, 1945). In order to check 
Beech bark disease, it was considered important to spray whilst infestations 
of Beech scale were still light (Brower, 1949).
The physical removal of infestations by scrubbing with wire brushes 
remains a recommended treatment, whilst only insecticides of phosphoric ester 
preparations were reported to give good control (Schindler, I960). A series 
of experimental sprays resulted in one mixture of parathion in oil emulsion 
giving satisfactory control (Schindler, 1962). The use of DDT has been mentioned 
(Crosby and -J-onos, 1958), although when Tobyhanna State Park, Pennsylvania, was 
sprayed with malathion and DDT in 1964 good results were obtained at first, yet 
five years later the area supported populations of Beech scale at the pre-treatmen 
level (Walker, 1969).
SURVEYS AND OBSERVATIONS
A system of scoring for the assessment of disease symptoms was developed 
during the series of surveys and observations undertaken for this study*
Categories of assessment
Arbitary categories were used to designate the severity of disease symptoms.
The appearance of the crown:
H Apparently healthy, leaves green*
Ys Slight yellowing which may be overall or confined to upper
or lower crown only.
Ym Crown yellowing, but still with some green leaves.
Y Crown completely chlorotic
D Tree dead or snapped.
Incidence of Beech scale:
Co Beech scale absent.
C v. sit. Very slight infestation
Cs Slight infestation
Cs-m Slight to moderate infestation.
Cm Moderate infestation.
Cm-h Moderate to heavy infestation
Ch Heavy infestation
With some later survey and experiment assessments a simpler numerical 
scoring system for Beech scale infestation was employed:
No Beech scale colonies visible.
Very slight infestation, up to 10 colonies visible.
Slight infestation.
Slight to moderate, and moderate infestation.
Moderate to heavy, and heavy infestation.
Extremely heavy infestation.
Where applicable, specific disease symptoms such as necrotic bark, sap flows, 
and pitting of the trunk were noted for individual trees* Additional information 
concerned the location of the sample, and included the number of the compartment 
or sub-compartment assessed, its size, and the planting year of the crop. Supporting 
data were available from forest management records, returns from the South east 
England Conservancy Beech bark disease surveys, and the local forest staff.
0
1
2
3
4
5
A simplified system of disease assessment was developed for use by forest 
staff:
Category
I
II
III
IV
Description
Trees dead as a result of Beech bark disease
Severely affected trees showing two of the 
following three symptoms: 
obvious yellowing, 
heavy Beech scale infestation, 
presence of necrotic lesions.
Affected trees showing both some yellowing 
and current or previous Beech scale infestation.
Healthy trees.
Survey, Autumn 1969
An initial survey was undertaken at Queen Elizabeth forest (South east 
England conservancy) where the current outbreak of Beech bark disease was first 
reported in 1961. This first rotation beech forest was open chalk downland prior 
to 1927. Scattered clumps of pre-1900 beech occur in the vicinity. In the areas 
surveyed the trees ranged from 24 to 41 years of age.
The various: compartments of beech within Queen Elizabeth forest could be 
classified into areas with different histories of forest management,
crop un thinned, whether pure beech or in mixture •
beech in mixture unthinnecl, but confers removed.
beech in hardwood mixture unthinned but other hardwoods removed.
pure beech thinned between 19&4 and 19&5.
pure beech thinned between 1966 and 1968.
For each of the silvicultural treatments three sub-compartments were 
selected from all beech areas in the forest.
The survey technique was to assess 400 trees ini each unit area, using 
25 groups of 16 trees along two or three convenient transects according to the 
size and shape of the sub-compartment. Each tree wasAssessed for appearance of 
the crown, and incidence of Beech scale-infestation on the main trunk. A summary 
of the survey data appears in table' 1.
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Statistical analysis
To assist the analysis of the survey data, the categories Ym and Y for crown 
yellowing were combined, as were the categories Cm and Ch for Beech scale 
infestation.
1. Investigation into the effects of the maim treatments (thinning histories)
Following angular transformation of the data for crown yellowing, analysis 
of variance gave no significant differences between treatments, although an 
independent effect could not be ruled out (see Discussion).
Similar transformation of the data for Beech scale infestation gave significant 
differences amongst the treatments at the level. Crops where beech had been 
thinned contained a much higher proportion of trees infested by Beech scale.
2. Investigation into the relationship between Beech scale infestation and crown 
yellowing.
An initial approach based on contingency tables and Chi-square tests was 
declared invalid because each tree did not stand an independent chance of being 
affected.
Angular transformation of the data gave a correlation coefficient of 0.600 
between Beech scale infestation and crown yellowing which was significant at the 
5f0 level. Regression of the transformed data gave a similar significance.
3. Investigation into the relationship between age and Beech scale infestation.
The average age of the unthinned beech crops was 31 years, and for the thinned
beech 38 years.
Angular transformation of the data for Beech scale infestation gave a 
correlation coefficient of 0.592 with age, and the regression of the data was 
significant at the 5$ level.
4. Investigation into the relationship between age and crown yellowing.
The correlation coefficient between the angular transformed data for crown
yellowing and age is 0.332, the regression of which is not significant.
Survey, June 1970
Following the analysis of the autumn 1969 survey data, I decided to undertake 
a survey of five beech forests in south east England in June 1970. The aim was 
to test the hypothesis that the incidence of Beech bark disease was worse in 
compartments which had been thinned. At each location three unthinned and three 
thinned compartments were surveyed. As often as possible compartments of similar 
descriptions were selected to form a pair.
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At Friston forest very little disease was found, and no thinning had been 
undertaken, so no survey was made* At Slindon, a few compartments had been thinned 
and there was a slight incidence of disease* At Micheldever where the disease 
was reported to be serious, only a few areas remained unthinned* Queen Elizabeth 
forest, Westbury forest, and West Woods at Savemake forest, were all areas where 
the disease occurred during the 1960*s* All trees assessed during the survey were 
between 29 and 42 years of age. In each unit area 50 trees were assessed along 
two transects. Each tree was assessed for appearance of the crown, and incidence 
of Beech scale infestation on the main trunk. Additional information on the 
occurrence of trunk pitting, and tany spots on the bole, was also recorded*
Results and statistical analysis
The data for unthinned and thinned treatments appear in table 2 and 3 
respectively, whilst table 4 compares a summary of the data.
Appearance of crown seal
Beech 
Le infestation
Total I 
750 trees I
Description Av.Age H
Ys Ym Y D Co Cs Cm Ch B.P. T.S.
Unthinned 33.5 684 4 0 1 61 406 278 5 0 40 10
Thinned 36 651 19 5 6 69 161 505 14 1 98 30
TABLE 4-* SURVEY DATA. JUNE 1970* SUMMARY OF RESULTS
Within both treatments the majority of trees assessed were healthy with 
regard to foliar symptoms* To some extent this reflects the fact that the survey 
was undertaken early in the season. Nevertheless, in the thinned category there 
were 2*8$ of trees with some symptoms of yellowing, compared with 0*7% in the 
un thinned category. There was a similar relationship between the incidence of 
tarry spots on the main trunk, which occurred on 4*0% and 1*3% of trees respectively. 
There is a good relationship between the occurrence of tarry spots and crown 
yellowing which is significant at the 0.1% level with 44% variation accounted for.
The occurrence of bark pitting indicates that the Beech scale had been present 
for some years in the survey areas. Bark pitting was present on 3*3% of trees 
in the un thinned areas and on 13*1% of trees in the thinned areas, a difference 
which is significant at the 1% level. The relationship between bark pitting and
3 9
tariy spots is significant at the 1% level (24% variation accounted for). The 
relationship between bark pitting and yellowing is also significant "at the 1% 
level (40% variation accounted for).
Slight Beech scale infestations were found on 37*1% of trees in the unthinned 
areas, and 67*3% of trees in the thinned areas which is a significant difference:, 
at the 0.1% level. Heavier infestations occurred on 0.7% and 2.0% of trees 
respectively, but are too low in occurrence for statistical analysis. Dead trees 
accounted for 8.1% and 9.2% of the totals respectively.
The relationship between Beech scale infestations and bark pitting is 
significant at the 0.1% level (43% variation accounted for). The relationship 
between Beech Scale infestation and crown yellowing is significant at the 5% level 
(14% variation accounted for).
There are no relationships between age of crop and any of the disease 
symptoms.
Survey of beech with chlorotic crowns. July 1970
Within an area where Beech bark disease was prevalent (Queen Elizabeth forest) 
a survey of chlorotic crowned beech was undertaken to assess the range of other 
disease symptoms that occurred on affected trees. It was also necessary to 
establish whether all chlorotic crowns were indeed caused by Beech bark disease.
The survey located in comparaient 37 was made on 21 July 1970* The young 
pole stage crop was 24 years of age. All 40 trees assessed were chosen because 
their crowns were already conspicuously chlorotic by mid-summer. The diameter 
of each tree was measured at breast height (D.B.H.). Each tree was assessed 
for Beech scale infestation (past and present), necrotic bark, tarry spots, and 
other evidence of Nectria infection*
Results
A summary of the data obtained in this survey is given in table 5*
No trees were devoid of Beech scale infestation. 35 trees bore very slight 
or slight infestation of which 17 showed evidence of previous years', colonies, and 
26 trees showed some\ signs of current Nectria infection. 5 of the 40 trees 
assessed bore moderate of heavy Beech scale infestation and all showed signs of 
current Nectria infection . In one case squirrel damage at the base of the tree 
appeared to be the cause of crown yellowing*
Beech scale infestation Cv.sit. Cs Cm Ch
No of trees (Total 40) 22 13 4 1
(i) No signs of previous infestation 15 3 0 0
Signs of slight previous " 5 3 2 1
Signs of moderate or heavy 
previous infestation 2 7 2 0
(ii) Larger patches of dead bark 
evident 9 2 1 1
Tarry spots present 4 4 2 0
Smaller necroses or other 
evidence of Nectria infection
13 12 4 1
Squirrel damage 1 0 0 0
Average girth (mm) (470) 476 446 543 520
TABLE 5.. SURVEY OF BEECH WITH CHLOROTIC GROINS. JULY 1970. SUMMARY 
OF RESULTS
Aerial photography
Three sets of aerial photographs of Queen Elizabeth forest in South east 
England were made available for study during this research project. There were 
two sets of black and white prints size 21 x 18 cm. The relevant sorties were:
(i) 540/RAF/1783> scale 1:20,000 taken on 24 Januaiy 1956 (Fig* 5 ), and
(ii) 58/RAF/2860, scale 1:10,000, taken on 14 May 1959 (Figs. 6 & ?)*
The third set of photographs were 25 cm square colour transparencies taken 
by the University of Cambridge Committee for Aerial Photography, on 28 August 1970 
at a scale of 1:3500, and were specially commissioned for the Beech bark disease 
project (Fig. 8 ). The transparencies were examined over a light source (X-ray 
viewer), or projected through an epidiascope, but loss of definition accompanied 
greater magnification* /
Results
The interpretation of photographic evidence is difficult, and reflects the 
complex nature of the problem. One noticeable feature of the black and white 
prints taken in 1956 and 1959, is that the compartments now known to be severely 
affected by the disease all appear as a lighter shade of grey than the surrounding 
compartments. This may be because the crops were pure beech, whereas the 
surrounding areas were planted in mixture with coniferous nurses, which appear as 
a darker colour. In most cases the canopy also appears to have a smoother texture 
which may indicate a close planting, (table 6). These earlier prints provide 
valuable evidence of the visual characteristics of the forest canopy when the 
crops were over a decade younger, i.e. prior to the diagnosis of Beech bark 
disease at the forest.
Individual yellow crowns are apparent on the colour transparencies, although 
the green crowns of healthy trees are indistinct and merge to fonn a closed 
canopy. The only dead trees visible are those which have died during the current 
season, and therefore show up as brown crowns with their desiccated leaves still 
attached. The severely affected compartments listed in table 6 contain many 
yellow crowns as seen on the transparencies.
Line counts across diagonals of affected compartments were made whilst 
viewing transparencies enlarged on the overhead projector, (table 7)• I*1 these
diseased areas, of those trees which had flushed at the beginning of the 1970 
growing season, 2.5% had died, 10% were yellowed, 18*5% slightly yellow, and 
69% healthy*
Fig, 5# Aerial photograph of Queen Elizabeth forest taken on
24 January 1956, scale 1:20,000, f ~Crown copyright 7
4 3
Fig. 6. Aerial photograph of part of Queen Elizabeth forest (War Down 
and Holt Down) taken on 14 May 1959? scale lï10,000.
/"*Crown copyright/
44
Fig. 7. Aerial photograph of part of Queen Elizabeth forest (Head Down 
and Ditcham Woods) taken on 14 May 1959, scale 1:10,000.
/*"Crown copyright 7
45
Fig. 8. Aerial photograph of part of Queen Elizabeth Forest from a 
transparency taken on 28 August 1970» scale 1:3500.
The diseased beech appear as pale crowns in the canopy. 
/"University of Cambridge Committee for Aerial Photography, 
Copyright reserved 7
colour
Cmpt.
Disease
severity
1971
Area
(ha)
/
Age
1971
Last
Thinned
Yield
Class
1971
Shade and 
on 1959
texture
photos
C r o p
4a Severe 1 38 1968 100 light smooth pure beech
4c
10a
Slight
Severe
3
6
33
35 1968
60
80
light
light
not
uniform
smooth
pure beech 
pure beech
10c Slight 8 30 - 80 mixed not
uniform
pure beech
15a None 7.5 32 - 80 mixed not
uniform
overhead cover ash 
removed 1967/1968
19 Severe 11.5 41 1964/5 80 light smooth pure beech
24 Moderate
patch
13 32 - 60 mixed not
uniform
some Scots pine
25a Severe 12 32 1968 100 mixed not
uniform
pure beech
25b Slight 4.5 26 - 80 light smooth few Scots pine, 
some hardwoods
27c Severe 3 38 1965 60 light smooth pure beech
28a Moderate
patch
14 31 1962 60 light not
uniform
few old hardwoods
28b Severe 1 38 1964 100 very
light
smooth pure beech
29b Severe 6.5 39 1966/7 60 light smooth pure beech
30b Moderate 4.5 39 80 light smooth few birch and 
yew.
TABLE 6. INFORMATION FROM AERIAL PHOTO GRAPHS 1959
Cmpt No* Diagonal Healthy Slightly yellow Yellowed Dead Total
2?c upper SW-NE 29 10 7 1 47
» » NW-SE 29 8 4 1 52
27c lower SW-NE 23. 10 4 1 38
it it NW-SE 27 6 4 3 40
19 centre SW-NE 38 11 5 1 55
it it NW-SE 52 8 5 0 65
TABLE 7. ASSESSMENTS MADE FROM 1970 COLOUR TRANSPARENCIES
Certain areas which showed a high incidence of yellow crowned trees on the 1970 
colour transparencies were visited several times during the following winter in an 
attempt to correlate disease incidence with factors visible from the forest floor*
The following observations and notes were made:
(i) Compartment 24a, age 31» un thinned, yield class 60*
A small area of yellow crowned trees occurred along the centre of the compartment; 
There were no obvious differences to be seen from the ground, and it was difficult 
to know when one entered the yellowed area* Beech scale infestationwas slight 
throughout* There was a lot of small dead beech throughout* A greater proportion 
of slightly larger dead beech were found in the centre of the compartment. There 
were some ash trees grov/ing well in that area* A lot of dead Scots pine remained 
throughout the crop except at the South east corner* The compartment sloped gently 
towards the east* , '
(ii) Compartment 25a, age 31» thinned 1968, yield class 100*
Yellowing occurred throughout the compartment with possibly more in the centre* 
The crop was very thin in places where trees had died following thinning* Beech 
scale was present throughout and infestation was heavy on some trees*
Two lines of yellow crowned and recently killed trees were located at the North 
east corner of the compartment, and found to be heavily infested with Beech scale* 
These affected trees showed tarry spots indicative of Nectria infection* Daphne 
laureola was a conspicuous member of the ground flora in this area* There was a 
steep slope to the north*
(iii) Compartment 25b, age 25» unthinned, yield class 80*
Yellowing occurred throughout the compartment except at the narrow northern end 
where the trees were slightly smaller. The Beech scale was present, and heavy on 
a few trees. More dead trees were noticeable within the yellowed area. A few 
Scots pine, ash and alder were present in the crop* There was very little debris on
4 8
the ground* There was a slight slope to the North east*
(iv) Compartment 27c, age 37» thinned 1965» yield class 60*
An assessment from the 1970 colour transparencies correlated well with the 
results of a 1969 ground survey (table 8). However only a small proportion of 
dead trees could be identified from the air, and in consequence the proportion 
of healthy trees became greater*
F- - - - - - - - - "  '
Appearance of crown W
S u r v e y
H Ys Ym Y D
1969 ground 42 18 9 10 21
1970 aerial 66 20 X 12 2
TfRT.K 8. nOMPAKESON OF GROUND AMD AERIAL SPCTEY RESUIiTS FOR COMPARTMENT 27.C
(v) Compartment 28a, age 30, but including two small areas age 37, thinned
1964, yield class 100*
This area included a gulley with steep sloping sides. Yellowing occurred 
throughout the valley. The Beech scale infestation was slight throughout. On tie 
east facing slope was a severely diseased area. On the west facing slope the 
trees were small and crowded, but with little sign of disease. Most Scots pine 
had been removed. Larger well spaced beech were present in the valley bottom. 
Some older trees had been removed. Some of the larger trees had died in 
recent years in the affected area*
(vi) Compartment 30b, age 38, unthinned, yield class 80.
A lot of Beech snap was obvious. Trees were of good girth and well spaced. 
Some birch and a few yew were present. The ground was very clean. There was 
a slope to the south east*
There does not seem to be a straightforward relationship between age of 
crop and severity of disease (see table 6 ). The age of affected crops ranges 
from 25 to 40 years. The most seriously affected areas tend to be of high 
yield class (80 - 100). All severely diseased areas had been thinned, however
unthinned compartments were also affected. Severely diseased areas were not
confined to steep slopes, but also occurred on gentle slopes and in gulleys.
Investigations into the history of forest management
Within Queen Elizabeth forest the condition of beech crops ranged from 
unaffected to severely diseased. An explanation for such differences between 
compartments was sought by investigating the history of crop management.
Attempts were made to relate the data obtained fromi ground surveys with the 
similar appearance of certain diseased areas evident on the aerial photographs. 
Further investigations on the ground were made and forest records consulted 
in an attempt to define the causes of similarities and differences in crop 
appearance and disease severity»
Results
The information obtained during the investigation is presented in table 9»
A number of hypotheses were advanced, and tested against the available 
information.
Hypothesis I "Mixed crops of beech with conifers are relatively free from 
disease."
Evidence for this hypothesis was seen in the many beech areas within the 
forest which were originally planted in mixture with a conifer nurse, and have 
remained almost disease free.
Exceptions were apparent with compartments 6, 7a/c, 8e, 17» 19» 26 and 
29b which were recorded with a moderate to heavy incidence of disease, yet were 
originally planted with a coniferous mixture.
Hypothesis II "Older crops are more severely diseased."
Compartments 4a, 6, 7a/c, 8e, 17# 19» 27c, 28b, 29b, 29e/38c were all 
between 38 and 43 years old when the data for Beech bark disease severity at 
Queen Elizabeth forest was obtained by forest staff in June 1971• These crops 
were the oldest plantings in the forest and all contained significant numbers 
of diseased trees.
There were however some compartments of similar age with little or no 
disease symptoms (1, 4©» 9a, data not included), whilst other crops of a younger 
age class 26 to 32 years (10c, 25a, 26) were moderately affected by the disease.
Hypothesis III "Faster growing crops are more severely diseased."
A high yield class is an indication of a fast growing crop as expressed 
by a phenotypic response on a specific site. Crops of yield class 80 or 100 
were found in compartments 4a, 6a, 17» 19, 25a, and 28b. Very few areas of 
yield class 40 were known and these crops showed little or no disease.
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An exception was one compartment with yield class 100 which was only 
slightly diseased (33c, data not included), but it is a younger crop only 
27 years old. There were also several diseased areas of the lower yield class 
60 which were recorded (6b, ?a/c. Be, 27c, 29b, 29e/38c).
Hypothesis IV "Crops where beech has been thinned are more severely diseased."
Compartments 4a, 6a, 17, 19, 25a, 27c, 28b, 29b all provided evidence of 
thinned crops which were severely diseased.
There were exceptions in a few thinned compartments (id, 1e, 2b, 4e, data not 
included) where incidence of the disease was slight. There were also areas in 
which tiie beech remained unthinned yet the disease had become established (6b, 8e, 
26, 29e/38c).
Hypothesis V "Crops planted at a close spacing are more severely diseased,"
Crops planted with a spacing of 4^ft or less, as in compartments t7, 19, 27c, 
29e/38o were affected by the disease*
Exceptions were found with other closely spaced crops which were relatively 
free from disease (4e, 15a, 27b, 28a, data not included).
N.B. Most pre-war crops were planted at about 4ft spacing whilst present 
recommendations are for spacing of about 7ft,
Hypothesis VI "Crops on steep slopes are more severely diseased,"
Compartments 6, 7a/c, Be, 25a, 28b were all on steep slopes and were the 
most severely diseased in the forest thus providing evidence to support this hypoth< 
sis.
Exceptions were found with some unaffected crops, in a similar position 
(4 e/f, 28a), whilst some crops on plateau areas were moderately to heavily 
diseased (4a, 17, 19, 27c, 29e/38c).
Hypothesis VII "Diseased areas are close to old beech (pre-1900 trees)."
Old beech trees occur in small scattered groups throughout the forest, often 
at the edge of compartments. Evidence for this hypothesis was provided by 
compartments 4&, 6a, 7a/e, Be, 17, 19, 25a, 26, 28b, 29b.
Whilst the scattered clumps of old beech could provide an initial source of 
inoculum it is difficult to explain the presence of unaffected areas planted in 
a similar proximity (4°, e, f, 26b, 28a, data not included).
The majority of observations agreed with the hypotheses under test but there 
were invariable exceptions and no hypothesis was fitted by all known data. No one 
hypothesis was outstanding. It is difficult to say whether a hypothesis involving
a combination of factors would give a better fit to the known facts*
The assessment of disease severity used was the result of one survey*
However, further surveys showed that despite some variability the general 
accuracy of the data was satisfactory*
Progression of symptoms survey 1969-1973
Within Queen Elizabeth forest, south east England, 140 trees were marked 
during Autumn 1969 and Spring 1970 with the intention of making regular 
assessments of the disease symptoms on those individuals* Thus the rate of 
progress of the disease on individual trees would be monitored* Evidence would 
also be obtained to establish whether or not the range of Beech bark disease 
symptoms was similar in all cases* The trees were located in five sub—compartment $ 
across the forest in order to represent the overall situation (table 10),
Group Numbers Sub-compartment Age in 1970 Beech bark disease
A 1-50 27o 37 severe
B 51-63 4a 37 severe
C 64—80 10c 29 moderate
D 81-110 15a 31 unaffected
E 111-140 4c 32 slight
TABLE 10. NUMBERED TREES FOR REGULAR ASSESSMENT
At the start of the assessments the condition of the trees was recorded as:
91 healthy (65*0$), 8 slightly yellowed! {5*7%), 1 moderately yellow (0.7$),
34 distinctly yellow (24*3$), 6 dead (4*3$). With the exception of a rather 
high proportion of yellow crowned trees selected in order to obtain more detailed 
information for this disease category, the numbers reflect the general 
proportions of healthy and diseased trees within the forest*
During the growing season assessments were made at bi-monthly intervals, 
but were rather less frequent in the dormant season* Detailed observations were 
recorded for each tree.
Results
At the end of 1971 an interim report was prepared to give some factual 
evidence of the rate of progress of the disease. It was important to provide 
the local forest staff with results which could be taken into account when 
formulating the future management policy for diseased areas.
Thus after two years 65 trees (46«4%) showed no change in symptoms, 52 
trees (37#1%) had shown a slight change in their disease symptoms yet remained 
within their original category, and 23 trees (16.4%) had deteriorated sufficiently 
to change categories. Table 11,summarizes the change in the situation after 
two years.
CATEGORY IN 1971
IV III II I
Category IV 6 2 .1 2.1 0 2.8
in III 7.2 3.6 0.7
1969 II 10.0 7.2
I 4.3
T 0 T jI L S
1969 1971
IV 6 7 .0 6 2 .1
III 11.5 9.3
II 17.2 13.6
I 4.3 15 .0
TABLE 11. PERCENTAGE DISTRIBUTION OF TREES IN DISEASE CATEGORIES 1969-71
More detailed information on the progress of the disease is given by the 
results of four consecutive years' assessments. Unfortunately ten trees (7%) 
were felled during the course of normal forest operations. Nevertheless, the, 
results of observations on those trees have been included where appropriate. 
Table 12 summarizes the change in the situation after four years.
CATEGORY IN 1973
IV III II I Felled
Category IV 41.4 17.1 0 2.1 4.3
in III 2.1 1.4 0 2.1 2.8
1969 II 2.9 5.0 14.3
I 4.3
Totals 1973 43.6 21.4 5.0 22 .9 7.1
TABLE 12. PERCENTAGE DISTRIBUTION OF TREES IN DISEASE CATEGORIES 1969-73
Thus after four years, 35 trees (25*0%) showed no change in symptoms,
38 trees (27.1%) had shown a slight change in their disease symptoms yet 
remained within their original category, 7 trees (5*0%) had improved to a 
better category, 50 trees (35.7%) had deteriorated to a worse category, the 
remaining 10 trees (7.1%) having been felled. Detailed information of 
diseased ratings is presented in table 13.
The range of Beech bark disease symptoms was recognized but in the four 
years of regular observations the change in health of most individual trees was 
slight. Trees in all four categories were monitored in detail, but it was 
evident that the traditional progression of symptoms did not always occur.
Total
Number
of
Trees
ASSESSMENT 1969 ASSESSMENT 1973
Crown/Beech scale
Category
Crown/Beeoh scale
Category
16 H Co IV H Co IV
4 H Co IV H C V#Site IV
9 H Co IV H Cs IV
1 H Co IV Ys Go IV
1 H Co IV H Cs-m IV
1 H Co IV K Cm III
1 H Co IV H Ch III
1 H Co IV Ym Cm-h III
1 H Co IV D I
H C v.slt* IV H Cs IV
1 H C V •Sit» IV H Cs-<n IV
1 H C V*slte IV felled
13 H Cs IV H Cs IV
3 H Cs IV H Cs-m IV
10 H Cs IV H Cm III
4 H Cs IV H Cm-h III
3 H Cs IV H Ch III
2 H Cs IV Ys Ch III
2 H Cs IV D I
4 H Cs IV felled
1 H Cs~m IV H Cs IV
1 H Cs**m IV H Cm III
1 H Cs-m IV Ys Cs III
1 H Gs-m IV felled
1 H Cm-h II D I
2 H Ch II D I
2 Ys Cs III H Cs IV
1 Ys Cm II Ym Cm II
3 Ys Cm III D I
1 Ys Cm-h III felled
1 Ys Ch III H Cm III
3 Ys Ch III felled
1 Ym Cs III H Cs IV
1 Ym Cm III H Cm III
1 Y Cs II H Cm III
1 Y Cs II Ys Cs III
4 Y Cs II Y
Cm II
5 5
Total
Number
of
Trees
ASSESSMENT 1969 ASSESSMENT 1973
Crown/Beech scale
Category Crown/Beech scale Category
13 Y Cs II D I
2 Y Cs-m II H Cm III
2 Y Cs-m II . D I
2 Y Cm II Y Cs II
1 Y Cm II D I
1 Y Cm-h II D I
6
. <' ........
D I
TABLE 13. COMPARISON OF NUMBERED TREES ASSESSED 1969 TO 1973
The Beech scale as an annual insect showed seasonal differences in 
activity. New colonies were seem as isolated white dots (Pig.9 ), whilst 
the protective wax formed a felt over large older colonies (Fig.io). Wax 
secretion appeared newest in Spring when the adults hatched, and built up during 
the summer so that Beech scale colonies were most conspicuous in early Autumn 
(Fig.ll). On heavily infested trees the insect also colonized the larger branches 
as well as covering the maim trunk. No change in the appearance of the Beech 
scale colonies was observed during the winter months. No information was 
gathered concerning the local conditions influencing the populations of Beech 
scale, but it was evident that an increase was noticeable in compartment 4c 
during 1972.
Yellow crowned trees were moribund (Fig. 12). Nevertheless, affected trees 
did not produce chlorotio foliage in every case, and with a few trees their 
foliage had remained green until the standing tree died. This was probably due 
to a rapid girdling by the fungus, but the presence of a toxin can not be ruled 
out. The main trunk of some trees snapped whilst the foliage was still green 
(Fig.13).
On the other hand even the most badly affected trees flushed with green 
leaves in the Spring. Chlorosis became more pronounced during the summer and was 
most conspicuous in September before the effects of autumnal yellowing occurred.
The tariy spots under observation showed no significant change in their 
activity (Fig.14). It was suspected that rain soaking through necrotic bark at 
the site of old tarry spots enabled a reservoir of liquid to form which could 
seep out in drier weather. Surrounding black encrustations became prominent 
with the seepage of liquid from the damaged area. Unbroken areas of necrotic 
bark produced liquid filled blisters which easily burst under pressure. If the 
outer bark was removed from the edge of a necrotic area a distinct orange line 
could be seem at the junction of dead and live tissue where the fungal mycelium 
was actively invading the bark (Fig. 15)*
Typical fruiting of Nectria occurred through recently killed bark (Fig.16), 
although not all trees that had died produced! the characteristic red perithecia. 
Several badly affected and recently killed trees showed bore holes as evidence 
of secondary invasion by insects (Fig.17), and the few trees that had snapped 
had been invaded by secondary wood-rotting fungi (Fig. 18). The production of 
fungal fruit bodies was more noticeable during the winter months including 
Nectria perithecia, ascomycete bark saprophytes (Fig.19), and secondary 
basidiomycete colonizers (Fig.20).
5 ?
Fig. 9» Initial Beech scale infestation appears as isolated 
white colonies.
58
Fig. 10. Protective wax from a heavy infestation of Beech scale 
forms a white felt over the main trunic.
5 9
Fig. 11. Larger Beech scale colonies are established over a 
few years. Necrotic spots are found in the 
underlying bark.
tiO
«get '•>
Fig. 12. Severely affected trees with thin crowns and chlorotic 
foliage are moribund.
61
Fig. 13. Affected trees may snap whilst the foliage is 
still green.
Fig. 14. Tarry spots and extensive death of bark follow 
Nectria infection
63
Fig. 15. Junction of live and dead tissue where Nectria is 
advancing through the bark.
64
Fig. 16. Clusters of Nectria perithecia erupt through recently 
killed bark. X 10.
65
■
Fig. 17. Boreholes and frass of the Ambrosia beetle
Trypodendron domesticum L. (Xyloterus domesticus L.) 
which helps to shed dead bark from the wood.
66
Fig. 18. Ambrosia beetle galleries at the point of snap 
containing mycelia of the wood-rotting fungus 
Polyporus adustus (Willd.) Fr.
Fig. 19. Black erurapent stromata of the ascomycete bark 
saprophyte Piatrype disciformis (Hoffman ex 
Fries) Fries.
68
Fig. 20. Brackets of the basidiomycete Polyporus adustus 
(Willd.) Fr.
6 9
After two years of assessments a mortality rate of approximately 5$ each 
year was indicated. At the end of four years the annual death rate was 
Of the trees originally designated as chlorotic two thirds had died within the 
four years. At the other end of the spectrum nearly one third of the unaffected 
trees developed some Beech hark disease symptoms indicating that the epiphytotic 
was still in progress.
Visits
Most of the visits undertaken during this study were to outbreaks of Beech 
bark disease located on the chalk downlands of southern England. In Forestry 
Commission woodlands affected crops were usually of the 25 to 40 year old age 
classes. The managers of woodlands on Private estates were more concerned with 
the death of mature trees 70 to 120 years old or more. The most conveniently 
situated Forestry Commission beech forest was Queen Elizabeth forest where a lot 
of the field work was undertaken. The first plantings in this 1,200 ha. forest 
were made in 1928. The Beech bark disease outbreak built up during the 1960*s 
becoming serious and causing much economic damage. Similar diseased areas were 
found at Hursley forest (Crawley beat), Micheldever forest, Savernake forest 
(West Woods), and Westbury forest. At Idsworth 80 year old beech were affected.
In other Forestry Commission forests the incidence of disease was slight, 
but definitely on the increase. At Slindon forest where only a few compartments 
had been thinned and at Friston forest where thinning had not yet started the 
incidence of disease was lightest. However, at Friston forest Beech bark disease 
was confirmed in a small area during the summer of 1971 • Sanitation thinning was 
undertaken during the following winter and the diseased material was burnt on site, 
At Hemsted, Bedgebury forest disease incidence was found to be slight (1971 )> and 
a sanitation thinning was recommended. The disease was increasing amongst the 
young pole stage crops of Hereford and Dymock forests (1972), and concern was 
expressed for an avenue of semi-mature roadside beech that were affected. At 
Thetford Chase (1971) two small areas of beech on acid sandy soil over parent 
chalk showed some symptoms of the disease.
Not all sites visited were confirmed as areas with Beech bark disease. 
Isolated mature avenue trees were dying from an unknown disorder at Elveden 
Estate, Norfolk (1971). Yellowing and group dying of beech was evident at 
King's forest, Challock (1971)> although no other Beech bark disease symptoms 
could be seen. Chlorosis of beech foliage and ground vegetation was seen at 
the Denge, Lyminge forest (1971).
Private estates visited included Lockinge Estate, Berkshire (1970),
Lockerley Hall Estate, Hampshire (1970),. and West Dean Estate, Sussex (1970).
At West Dean a neglected mature crop had first been thinned twenty years 
previously, and subsequently dead and dying trees had to be removed by sanitary 
thinning every three or four years. In contrast the owner of an estate in 
the Cotswolds claimed that virtual absence of disease in his crops which were 
of excellent form and growth was the product of continued good management for 
well over a century*
During 1972 the increase in Beech bark disease was reflected in the larger 
number of enquiries received. Concern over the problem was voiced by several 
organizations responsible for woodlands in the Cotswolds. A discussion meeting 
held in 1972 brought together representatives of the Forestry Commission,
National Trust, Nature Conservancy, Gloucestershire County Council, private 
estates and forestry consultants.
Whilst in Canada (September 1972) I visited the Laurentian Forest Research 
Centre, Quebec. I discussed with the Director, Dr. M. Lor tie, his work on the 
biology of Nectria and its effects on northern hardwoods. Dr. A. Lavallee of 
the Forest Insect and Disease Survey explained his work of monitoring disease 
outbreaks and developments. The Beech scale had been reported in several isolated 
areas in Quebec province during the last decade, and a careful watch was being 
maintained for incidence of the associated fungus Nectria. Samples of beech 
bark Nectria from eastern Canada revealed the presence of two species of the 
fungus on one beech trunk.
In the U.S.A. a field visit was made to the forests of Vermont, with 
Mr. E.B. Walker, Department of Forests and Parks, Vermont and Dr. D.R. Houston 
Forest Insect and Disease Laboratory, Hamden, Connecticut. The Green 
Mountains of Vermont support mixed natural forest stands with the gray beech, 
the northern variety of F. grandifolia occurring at higher elevations of 
300 m or more. The killing front of Beech bark disease in the north east 
U.S.A. was progressing through this area. Bark roughening caused by another 
scale insect Xylococculus betulae was demonstrated. The mycoparasite 
Gonatorrhodiella highlei was seen as a mustard yellow sporulating fungus 
covering the red Nectria perithecia on some diseased trees.
FIELD AND GLASSHOUSE EXPERIMENTS
The Ifionitoring of Nectria ascospore liberation and prevailing meterological 
conditions. ^
Materials and methods
A Burkard recording volumetric spore trap (Burkard Manufacturing Co.
Ltd., Rickmansworths Herts) was used to investigate the frequency of Nectria 
ascospores within an affected compartment. Power was provided by a heavy 
duty 12 volt battery, which was changed weekly. At the same time the 
trapping tape was renewed. The clockwork drum mechanism was geared to give 
one rotation of the trapping tape each week. Thus, on return to the 
laboratory the tape could be cut up into lengths equivalent to a twenty-four 
hour spore trapping period.
The spore trapping tape was a length of Melinex strip, secured to the 
rotating drum by a piece of double sided adhesive tape* A thin film of 
Gelvatol (Shawinigan Ltd., London SEl) 10% ¥/V in water was brushed evenly 
onto the tape, and when dry the adhesive surface of Vaseline with 10% W/V 
paraffin wax in toluene was applied. The addition of 2% W/V phenol to the 
mixture was found necessary to prevent the germination of spores. The drum 
and prepared tape were protected within a suitable metal casing during 
storage and transport to and from the forest. After the change over of tapes 
and batteries the clock was rewound and the suction through the 14 x 2 mm 
orifice was checked with a flow meter. The volume of air drawn through the 
trap should be 10 litres a minute (0 .6  cu. m./hr.), with the spore trap tape 
moving at a speed of 2 mm an hour.
In the laboratory the recording tape was dissected into daily units on 
aj^ecial perspex block. Each unit was transferred by fine forceps to a 
clean slide, lactophenol-cotton blue was used as a liquid mountant and fungal 
stain, and a coverslip was placed over the preparation. The edges of the 
coverslip were sealed with a commercial varnish. Nectria ascospores were 
counted by scanning the preparation under a binocular microscope at a 
magnification of 400.
The spore trap was located in sub-compartment 4a of Queen Elizabeth 
forest. The orifice was locked towards a known source of Nectria perithecia 
0.5 m distant on the lower trunk of a standing tree. Meterological data 
were obtained from the forest office 2 km distant.
Results
It was intended to run the spore trap for one year» The monitoring 
commenced on 24 November 1969 and ran until 10 September 1970 excepting 
short periods of mechanical failure. It was a mechanical breakdown which 
enforced the premature cessation of the monitoring in 1970. Thus in 1971 it 
was planned to run the spore trap again to obtain data for the autumn season.
The period 3 September 1971 to 8 November 1971 was covered, but again with 
records interrupted because of mechanical failure in the equipment.
Quantitative counts of the daily air spora from the monitored source 
are presented in histograms for each season, paired with a similar presentation 
of the data for rainfall, with which the discharge of spores is closely linked 
(Figs.21 -24). Because the orifice of the spore trap was locked in close 
proximity to fruiting Nectria on the trunk of a Beech bark diseased tree, it 
was assumed that a high proportion of ascospores that impinged onto the spore 
trap tape were from that known source. These spores were recognized by their 
size and shape, being ellipsoid with a constricted central septum. Ascospores 
from other fungi were generally larger and not of the characteristic shape.
Ascospore liberation occurred throughout the year and peaks of discharge
appeared to be related to rainfall, or rather the uptake of water making ascus wall
cells fully turgid during and after wet weather. Variations and small peaks in the
spore count during days of no measurable rainfall were probably due to the
changes in relative humidity of the atmosphere. After prolonged wet weather a 
low spore count may be explained because few mature ascospores remained to be 
discharged. The low total spore count for September 1971 was due to the 
exceptionally dry autumn. The monthly averages of spores discharged to each 
millimetre of rainfall are plotted in a histogram (Fig.2 5), with peaks 
occurring in June and October.
Inoculations of Nectria isolates on 27 year old beech at Friston forest.
Friston forest in southeast England is primarily a beech forest where the 
earliest plantings are at an age for first thinning, and where very little Beech 
bark disease has occurred. A one hectare plot of 27-year old beech was selected, 
in which Beech scale was present on only one or two isolated trees as a light 
infestation." The experiment was designed to evaluate the activity of two 
Nectria isolates inoculated under a variety of field conditions.
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Three plots were marked out in the experiment area, and half of each plot 
was lightly thinned. Within each half-plot 48 trees were numbered for use* 
Inoculations were made at quarterly intervals, in November 1970, February, May, 
and August 1971* Inoculations were replicated on three trees with isolate, 
height of inoculation, and inoculation technique designed to form a 3 x 3 latin 
square.
Single spore isolates of Nectria were derived from perithecia fruiting on 
a beech trunk (7-9-70) and small branch (26-10-70). Laboratory characterization 
showed that these isolates differed in morphology and spore sizes. The inoculum 
was grown for 2 to 3 weeks at room temperature on a mixture of whole cereal 
grains (equal proportions of wheat, oat, and barley) with an equal volume of 
water. Control inoculations were made using the sterile substrate only.
Inoculations were made at heights of 0.6, 1.2, and 1.8 metres on the main 
trunk, and at the base of branches growing from the lowest 1 .5 m of the tree*
On the main trunk, inoculation techniques were (i) no wounding, the inoculum being 
taped directly onto the bark, (ii) a horizontal knife wound, and (iii) a series
of small holes punctured in the bark to simulate damage by the feeding of Beech
scale insects. Branch bases were stressed by bending the branch excessively, 
then the inoculum was taped directly onto the branch axil.
The bark surface was sterilized with a wash of industrial methylated spirits
before the inoculum was applied. Grains were placed onto a small pad of 
non-absorbent cotton wool, and taped in position using a flexible thermoplastic 
sealing tape "Parafilm" (Gallenkamp and Co. Ltd., London EC2). After the first 
set of inoculations a square of woven cloth bandage "Blastoplast" (Smith and 
Nephew Ltd., Welwyn Garden City) was used to protect the grains over the 
inoculation point.
Results.
The first set of inoculations were checked after three months. Unfortunately 
53 of the 162 trunk inoculations had been lost as a result of birds pecking 
through the wrappings to seek the grains for winter food. This misfortune led 
to the use of the woven cloth pad in future wrappings.
The first assessments were made eight months after inoculation. All wrappings 
and remaining inoculum were collected for careful disposal. The girth of each 
tree was measured at the points of inoculation. The dimensions of necrotic areas 
around the inoculation point were measured. The appearance of damaged areas was 
noted, and the presence of sporodochia or perithecia was recorded. The general 
status of the tree was recorded, together with any abnormalities or Beech scale 
infestation.
A second assessment was made after eleven months. Canker dimensions 
were measured, and the appearance of infected areas was noted. However, 
no significant change in recorded details was apparent. A final assessment 
was made 14 months after inoculation when two-thirds of the trees were 
harvested for destructive sampling (tables 14 - 18). Inoculated sections 
of the trunks were removed to the laboratory. External and internal 
measurements of necrotic bark were made, and descriptions of damage were 
recorded. Attempts were made to re-ioslate the fungus from apparent 
cankers by excising a chip of bark from the edge of necrotic tissue and 
placing it onto 2% malt agar. Confirmation was given by the identification 
of macroconidia in culture, following re-isolation of the suspected 
Nectria colonies. Recovery of the Nectria was successful only in 
approximately one third of the attempts.
Infection did not result where the bark remained intact. A few control 
wound inoculations became infected (mainly from the February inoculations). 
Wound inoculations with Nectria isolates were successful when made during 
the dormant season (November and February inoculations) (Fig. 26). There 
was a marked seasonal response both in the number of successful infections, 
and the average size of the cankers which developed. A small number of 
trees died from other causes (e.g. suppression) which were unrelated to 
the experiment.
One third of the trees (plots 1 and 2) were retained for observation 
until the experiment site was vacated in July 1973* However, no further 
extension of necrosis was evident. A supplementary inoculation experiment 
was required to compare the virulence of the original Nectria isolates 
against a fresh culture grown from perithecia produced in an artificially 
induced canker. A further 24 trees in plots 1 and 2 were inoculated in 
November 1972, and harvested after eight months. The results are summarized 
in table 19.
Even after three years of transfer on artificial medium the Nectria 
isolates used in the original inoculation experiment still showed some 
ability to infect beech bark. However for both the branch and trunk 
isolates the necrosis which developed around the wound inoculation was 
slight. The fresh Nectria isolate produced a small canker from every wound 
inoculation and was definitely more aggressive compared with the present 
activity of the original isolates. No isolate was capable of producing 
necrosis of intact bark.
Fig. 26. Canker of length 160 ram. produced by branch isolate of 
Nectria following wound inoculation of 27-year-old 
beech in November 1970.
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Inoculation Date 12 Nov 1970 3 Feb 1971 11 May 1971 16 Aug 1971
No* Inoculations 54 54 54 54
No* Undamaged 1 2 32 38
No. with Necrotic 
Bark 15 18 8 8
No. Branches Dying 5 6 3 2
No. Branches Dead 
Since Inoculation 25 15 2 3
No. Branches Previously
Dead, or Missing j 8 13 9 3
TABLE 18. Branch base inoculations assessed after 14 months:
Inoculation No. of No. of Cankers Average size of
Isolate Technique Inoculations Produced Cankers (mm.)
Control No wound 6 0 —
Knife wound 6 0 -
Perforations 6 0 -
Fresh Isolate No wound 6 0 _
of Nectria Knife wound 6 6 34 x 23
Perforations 6 6 30 x 21
Original No wound 6 0 -
Branch Isolate 
©f Nectria Knife wound 6 0 -
Perforations 6 3 23 x 20
Ori ginal No wound 6 0 _
Trunk Isolate 
of Nectria Knife wound 6 4 20 x 13
Perforations 6 3 21 x l6
TABLE 19. Supplementary inoculations 10 November 1972, assessment 
24 July 1973
8 5
Statistical Analysis
The best index of the effects of Nectria inoculated onto the host bark 
was considered to be canker length, therefore the data was analysed on 
this parameter only* The experiment was designed with split-plots* Thinning 
was the main treatment* The sub-treatments were a factorial combination of 
date of inoculation and isolates. Each sub-plot was a latin square (3 x 3 ) 
with trees (rows), methods (columns) and positions (treatments). The data 
for branch base inoculations were not analysed.
Table 20 gives the expected breakdown of the degrees of freedom in a 
full analysis of variance. Table 21 gives the observed analysis of variance. 
There were no significant differences between blocks or due to thinnings.
There was a highly significant effect of date, isolate, inoculation method 
and position on trunk. Four of the possible first order interactions between 
these effects were significant. There were highly significant differences 
between trees.
The means for all the main effects and those interactions which were 
significant are given in Table 22. Where appropriate a standard error is given. 
It is assumed that any differences between two means which were greater than 
three times the appropriate standard error were significant at the 5% level.
For the supplementary inoculation experiment of 1973 canker length was 
again the only parameter analysed. The experiment was unfortunately not 
designed with replicates or blocks in the traditional way, therefore the 
experimental error in an analysis of variance could only be based on higher 
order interactions between the main effects. The full analysis of variance 
is presented in Table 23, and Table 24 gives the relevant means.
Intensity of Thinning experiment
Surveys and observations indicated that the severity of Beech bark 
disease was worse in thinned compartments. A long-term experiment was designed 
to determine the effects of different thinning regimes on the incidence and 
development of the disease within previously unthinned beech crops. The 
experiment was duplicated at Friston forest where the beech were planted in 
1933 and where few symptoms of the disease were apparent, and at Queen 
Elizabeth forest where the particular crop (planted 1938) showed a low level 
of disease within an affected forest. The experiment was laid down during 
the winter of 1970-71»
Source Degrees of Freedom
Blocks 2
Thinnings (T) (main plots) 1
Main plot error 2
Dates (D) ) 3
Isolates (l) ) Sub plots 2
D X I ) 6
D X T 3
I X T 2
D X I X T 6
Methods (M) 2
M X D 6
M X I 4
M X D X I 12
M X D X T 6
M X I X T 4
M X D X I X T 12
Positions (P) 2
P X D 6
P X I 4
P X D X I 12
P X D X T 6
P X I X T 4
P X D X I X T 12
Trees within sub plots 144
Error 380
Total 64?
Table 20. Inoculation of beech with Nectria isolates at
Friston Forest. Expected analysis of variance
Source Decrees of Mean square Significance
freedom
Blocks 2 415.66 -
Thinnings (T) (Main Plot) 1 242.00 -
Main Plot error 2 195.31
Dates (D) ) 3 18674.24 ***
Isolates (I) ) Sub plots 2 20487.92 ***
D X I ) 6 7260.21 ***
D X T 3 570 .10 **
I X T 2 299.88 —
Methods (M) 2 26623.06 ***
M X T 2 56.75 -
M X D 6 4797.05 ***
M X I 4 5649.16 ***
Positions (P) 2 1683.56 ***
P X T 2 52.31 -
F X D 6 183.23 -
P X I 4 328 .98
Trees within sub-plots 
Error
144
454
1906.56
165.5142
***
Levels of significance
* P = 0 .05 - 0 .0 1
** P = 0.01 - 0.001
*** P = < 0.001
Table 21. Inoculations of beech with Nectria isolates at Friston Forest. 
Observed analysis of variance for canker length
Thinned 11.56 Thinning
Unthinned 12.72
Control 3.31
Branch 22.93 Isolates
Trunk 11.94 Standard Error (SE) = 0.875
Perforâtio s (P) 19.05 Methods
Knife wound (K) 19.40 SE = 0.875
No wound (N) 0
Low
Medium
High
9.99
12.93
15.54
Positions 
SE = 0.875
Nov. 70 25.02
Feb. 71 17.97 Dates
May 71 7.27 SE = 1.011
Aug. 71 1.01
Control ,Branch Trunk
N70 0.83 52.69 21.56 Dates x Isolates
F71 10.28 23.81 19.81 SE = 1.751
M71 1.13 15.22 5.46
A71 2.09 0 0.93
Thinned Unthinned
N70 21.81 28.23
F71 17.58 18.36 Dates x Thinning
M71 8.53 6 .0 1 "SE = 1.430
A71 0 .9 0 1 .11
P K N .
N70 39.48 35.59 0
F71
M?1
2 5 .20
10.37
2 8 .70
11.44
0
0 Dates x Methods
A71 1.15 1.87 0
Control Branch Trunk
P
K
N
4.10
6.53
0
31 .88
36.92
0
21.18
14.64
0
Methods x Isolates 
SE = 1.516
Table 22. Inoculation of beech with Nectria isolates at Friston Forest
Mean canker length (mm.) for all main effects and significant
interactions
Source Sum of 
squares
Degrees of 
freedom
Mean Square Significance 1
Thinnings (T) 210.1250 1 210.2150 *
Isolates (I) 4624.8194 3 1541.6065 ***
Heights (H) 263.5556 2 131.7778 *
Methods (M) 2481.1944 2 1240.5972 ***
T X I 116.8195 3 38.9398 -
T X H 80.8888 2 40.4444 -
T X M 301.0834 2 150.5418 *
I X H 401.7778 6 66.9630 -
I X M 2755.1390 6 459.1898 ***
Trees 1188.8889 16 74.3056 -
Error 971.6943 28 34.70 -
Total 13395.9861 71
Differences between Isolates
Method 
I X M
)
) Significant at 0.1% 
)
it M Heights 
I X H 
Thinnings
)
)-------------
)
-  5%
Table 23• Supplementany inoculation expriment at Friston Forest 1973
Analysis of variance
6.56
9.97
0
21.28
7.89
3.89
7.29 
7.38
9.29
13.08
11.71
0
Isolates
F T B
P
Methods K
N
Isolates x Heights
Isolates
C F T B
Heights L
M
H
Table 24. Supplementary inoculation experiment at Friston Forest 1973. 
Canker length means (mm.)
0 17.50 6 .6 7 5 .0 0
0 20.83 7.83 4 .1 7
0 25.50 12.5 2 .5 0
0 30.33 10.33 11.67
0 33.5 13.33 0
0 0 0 0
Thinnings
Isolates
Heights
Methods
Methods x Isolates
Unthinned
Thinned
Control (c)
Fresh (F)
Trunk (T)
Branch (B)
Low (L)
Medium (M)
High (H)
Perforations (P)
Knife wound (K)
No wound (N)
There were four experimental treatments î
A Unthinned,
B Light thinning, approximately 20/o trees removed,
C Heavy thinning, approximately 50% trees removed,
D Extreme thinning, approximately 80% trees removed.
Plots 35 m. square (area 0.1225 ha.) were marked out for each treatment, with
an inner square of 25 m. (0.0625 ha.) as the assessment area. The four
treatments were randomized in a block 140 x 35 m. There were three replicates 
at both forests.
Assessments were made in the late summer. The girth of each tree over 
7.5 cm. D.B.H. was measured at breast height (1.3 m). Each tree was assessed 
for incidence of Beech scale on the 0 to 5 scoring system (see page33)» and 
any other disease symptoms were recorded. For each plot the total number of 
trees, their average girth, and the incidence of Beech scale were determined.
The three replicates were then totalled to give the corresponding data for each 
treatment, which could then be compared.
Results
The actual proportion of beech removed for each of the four treatments 
did not correspond to the intended 0, 20, 50, and 80%. Table 25 shows that in 
Queen Elizabeth forest the proportions were 0 , 33*2, 61.5» and 66.8%, whilst 
at Friston forest they were 0, 30.1, 44.7, and 59*7% respectively. Hence regime 
B was thinned more heavily than intended, and regime D was not thinned as heavily 
as intended.
The assessments for 1971, 1972, and 1973 are summarized in Tables 26 and 27. 
The number of trees recorded in each plot varied slightly each year, the 
experimental error being mostly attributed to the assessor. In the few cases 
where trees had died, they were included in the totals for the year of death, 
and then omitted in all subsequent assessments.
When the experiment was laid down the trees to be removed were selected as 
in a normal forest thinning procedure, and thus included proportionately more 
of the less vigorous trees. Hence the average girth of the trees which remained 
increased slightly with the intensity of thinning. After thinning, the greatest 
annual increment was given by regime C. The mean annual increase in the girth 
of a tree for each treatment was 14, 16.5, 23, and 19 mm. at Queen Elizabeth 
forest, and 9.5, 13, 15, and 11.5 mm. at Friston forest. The average area of 
increment (at 1 .3 m.) which takes into account the different average girths at
each site when the experiment began, was 712, 850, 1248, and 1032 sq. mm. for
each treatment at Queen Elizabeth forest, and 728, 1015, H88, and 927 sq. mm. 
for each treatment at Friston forest. Up to a level of 50% thinning the 
slightly older crop at Friston forest was attaining a greater area increment 
at breast height.
With regard to the symptoms of Beech bark disease which were recorded 
during the assessments, the incidence of Beech scale was the only parameter 
which gave substantial results in the first three years of the experiment. The 
most common infestation of Beech scale was slight (or score 2) and this was 
considered to be the best indication of the future risk of disease. Individual 
trees with more severe infestation would be the first to become infected by 
Nectria. Increases in the severity of Beech scale infestations irrespective 
of thinning treatment were apparent at both forests (tables 28 and 29), although 
the overall level of infestation was lower at Friston forest. Very few symptoms 
associated with more advanced stages of the disease were observed. It will thus 
be most interesting to continue to monitor the increase in disease as the 
experiment progresses.
Statistical Analysis
The experimental design was a randomised block with 4 treatments and 
3 blocks. Tables 30 and 31 present transformed data for the two main score 
classes of Beech scale infestation (0 and 2). Table 32 presents the weighted 
scores of affected trees for each treatment. The weighted scores were the 
sum of the number of trees affected in each score class x score/100. There 
were no significant differences between any of the variâtes.
Inoculations with Nectria isolates on potted beech
To investigate the relationship between water availability in the beech 
stem and the activity of the pathogen Nectria introduced into the bark, an 
initial experiment using young beech in a sheltered environment was undertaken 
in 1971. Subsequent modifications to the design of the experiment were 
incorporated in similar trials for 1972 and 1973* The main comparison on the 
effects of wound inoculation with Nectria isolates was to be between plants 
given adequate water, and those given a restricted supply. The methods used in 
all three experiments were substantially the same.
Two-year-old beech were transplanted to 9” diameter plastic pots, filled 
with John Innes potting compost, during dormancy in the winter of 1970-71*
One sunflower, Helianthus annuus L., was grown in each pot to act as an 
indicator of soil mositure deficit, temporary wilting point being reached when the 
sunflower*s top two leaves became flaccid. In order to control the supply of
TREATMENT QUEEN ELIZABETH FOREST FRISTON FOREST
No. of trees 
remaining 
in each plot
No. of trees 
removed 
at thinning
No. of trees 
remaining 
in each plot
No. of trees 
removed 
at thinning
A 64 0 95 0
unthinned
83 0 157 0
60 0 64 0
B 82 38 78 32
Light thinning 76 45 113 35
89 40 60 41
C 38 82 81 58
Heavy thinning 61 86 98 61
61 88 51 67
D 51 124 64 96
Extreme thinning 72 127 78 95
68 134 45 86
Table 25. Intensity of thinning experiment 1971.
Numbers of trees removed and remaining in each plot
Treatment Year Total 
No. trees
Av. girth 
(mm. at B.H.)
Total No. trees with
------
Beech
scale score
Recorded 0 1 2 3 4 5 Dead
A 1971 207 305 74 68 62 3 0 0 0
Unthinned
1972 203 324 43 23 120 11 6 0 0
1973 209 333 32 22 117 29 5 4 0
B 1971 247 307 79 75 88 5 0 0 0
Light thinning 1972 255 324 28 31 182 7 7 0 0
1973 235 340 20 19 l4l 38 13 6 1
C 1971 l6o 318 74 42 40 4 0 0 0
Heavy thinning
1972 155 342 25 l4 101 13 2 0 0
1973 162 364 19 17 82 29 13 2 0
D 1971 191 322 63 51 70 6 1 0 0
Extreme thinning
1972 190 346 44 13 115 9 8 1 0
1973 201 360 38 17 110 21 10 5 0
Table 26, Intensity of thinning assessments. Queen Elizabeth Forest
9 5
Treatment"7- Year
Total 
No. trees
Av. girth 
(mm. at B.H.)
Total No. trees with beech
scale score
recorded 0 1 O a 4 5 Dead
A 1971 316 471 186 74 54 2 0 0 0
Unthinned
1972 287 492 130 27 101 16 4 1 9
1973 274 490 88 47 91 29 13 6 0
B 1971 251 477 132 77 42 0 0 0 0
Light thinning 1972 241 498 108 21 95 12 0 0 5
1973 246 503 95 45 77 19 7 3 0
C 1971 230 482 138 49 39 4 0 0 0
Heavy thinning 1972 230 502 129 20 62 4 5 1 3
1973 223 512 101 34 60 17 6 4 1
D 1971 187 495 108 27 50 1 1 0 0
Extreme thinning 1972 187 514 87 21 71 5 2 1 0
1973 186 518 93 21 71 13 4 2 0
Table 2? Intensity of thinning assessments, Friston forest
Forest Year
A
Thinning Treatment
DB C
Queen Elizabeth 1971 3 0 .0 35.6 2 5 .0 36.6
1973 5 6 .0 6 0 .0 5 0 .6 54.7
Friston 1971 17.1 16.7 17 .0 26.7
1973 33.2 31.3 26.9 38.2
. .. ...
Table 28, Comparison of percentage trees with light Beech scale
infestation (score 2)
Forest Year
A
Thinning Treatment
DB C
Queen Elizabeth 1971 1.4 2.0 2.5 3.7
1973 18.2 24.3 27.3 17.9
Friston 1971 0.6 0.0 1.7 1.1
1973 17.5 11.8 12.1 10.2
Table 29. Comparison of percentage trees with moderate to extreme 
Beech scale infestation (score 3+4+5)
9 7
Treatment
Queen Elizabeth 
Forest
Friston Forest
1971 1972 1973 1971 1972 1973
A. No Thinning 36.5 27.3 22.4 5 2 .8 45.4 37.7
B. Light Thinning 34.5 18.9 17 .0 50.4 46.9 4l.6
C. Heavy Thinning 44.4 23.3 20 .6 54.8 51.8 45.2
D. Extreme Thinning 37.3 28.3 24.7 52.9 44.9 40.3
Standard Error 7.91 7.38 5 .0 6 3.46 7.51 5.19
Experimental contrast
Table 30. Intensity of thinning. Transformed percentage of trees with no 
Beech scale infestation (Score 0 )
Treatment
Queen Elizabeth 
Forest Friston Forest
1971 1972 1973 1971 1972 1973
A. No Thinning 3 2 .1 50.1 45.6 2 1 .6 33.4 34.0
B. Light Thinning 3 6 .8 57.7 5 0 .6 2 1 .8 3 2 .8 29.9
C. Heavy Thinning 2 7 .8 53.4 45.4 21 .6 30.7 2 7 .8
D. Extreme Thinning 33.5 48.7 46.2 27.4 35.6 3 6 .8
Standard Error 5.27 6 .1 0 4.98 3.06 3.55 4.17
Experimental contrast
Table 31» Intensity of thinning. Transformed percentage of trees with 
slight Beech scale infestation (Score 2 )
Treatment
Queen Elizabeth 
Forest Friston Forest
1971 1972" 1973 1971 1972 1973
A. No Thinning
B. Light Thinning
C. Heavy Thinning
D. Extreme Thinning
95.8 153.8 181.I 
108.2 175.5 2 12 .0  
7 8 .2 165.9 196.8  
102.9 152.4 175.6
53.9 108.3 125.3
55.5 99.1 104.8 
5 2 .8 74.3 106.2
63.5 95.5 115.4
Standard Error 
Experimental contrast
2 2 .2 23 .6 22.4 9 .6 2 0 .7 20 .5
Table 32. Intensity of thinning. Weighted scores of affected trees for 
each treatment
water to the potted beech, the experiments were undertaken in a polythene 
house (1971, 1972) and in a glasshouse (1973)*
Pots to be given an adequate supply were watered liberally during the 
growing season with at least 500 ml. each day, depending on prevailing conditions 
affecting transpiration, and were free-draining onto the moist sand bed of 
the house. Those subjected to a restricted watering regime were given 300 ml. 
after temporary wilting point had been reached. Watering was undertaken each 
morning, so that any plants with flaccid leaves were most likely to have 
reached temporary wilting point during the previous day. This volume was 
found to be sufficient to correct the soil moisture deficit so that turgidity 
was regained, but did not over supply the system. The restricted water pots 
were placed in plastic saucers to retain all water supplied, and to prevent 
uptake of moisture from the sand bed.
Inoculations were made using artificial wounds on the main stem of the 
young beech. A small square of agar with Nectria mycelium was cut, using 
a sterile wire, from two week old cultures to provide the fungal inoculum.
This was secured over the wounded stem using a strip of transparent adhesive 
tape, wrapped with a piece of aluminium foil to reduce desiccation, and secured 
by "Parafilm".
In each case one trunk isolate and one branch isolate of Nectria were 
used, and wounded controls without inocula were established. Inocula remained 
in place during the growing season throughout which the plants were subjected 
to one of the specific watering regimes. Final assessments were made in the 
subsequent dormant season when the plants were destructively sampled.
Recovery of Nectria was attempted by excising bark from the edge of an 
artificially induced canker and placing it onto 2% malt agar.
The 1971 experiment.
There were four treatments:
(i) infestation with Beech scale,
(ii) inoculation with trunic isolate of Nectria,
(iii) inoculation with branch isolate of Nectria,
(iv) wounded control without inoculum.
For each treatment there were eight replicates under both watering regimes. Pots 
were sited according to an 8 x 8 latin square layout designed by Statistics 
Branch. All pots were arranged in the greenhouse on 8 July 1971) and were 
given adequate water to settle into their new environment. From 19 July the
restricted water pots were not watered until temporary wilting point was 
reached. The volume supplied to each pot was recorded.
Eggs of the Beech scale on small strips of infested bark were introduced 
by clamping the inoculum to the stem on 6 August. Three weeks later additional 
inocula consisting of bark pieces infested with the nymphal “crawler” stage of 
the insect were added. The inocula were protected by polythene wrappers secured 
above and below the site of infestation.
Wound inoculations with Nectria, and wound controls were made on 20 August,
one month after the different watering regimes were introduced, thus providing
sufficient time for the plants with a restricted water supply to become stressed.
Wounds were inflicted with a flame-sterilized instrument which produced a series
of pinhole-sized perforations through the bark in an area of approximately 
2
1 cm .
Results
An assessment of the general health of the beech was made on 20 August. The 
Woolly beech aphis, Phyllaphis fagi, infested leaves of all plants despite an 
insecticide spraying earlier in the season. On 25 October plants were assessed 
for Woolly beech aphis infestation using a scoring system of 0 to 5» The plants 
which had been given a restricted water supply showed over 11% more infestation 
than on those given adequate watering,but the difference was not significant.
Autumn assessments of the inoculations were made on 29 October. The attempt 
to artifically infest plants with Beech scale resulted in the development of a 
few small isolated colonies on 8 of 16 plants equally distributed between watering 
regimes.
The active meristematic tissue of the young plants resulted in the vigorous 
callousing of most inoculation wounds. Some plants showed slight bark damage 
around the inoculation point, whilst two trunk isolate inoculations resulted in 
moderate damage with the development of small necrotic lesions, as though the 
fungus had at least succeeded in initial entry. There were insufficient data 
to distinguish any effects of watering regimes.
Leaf browning and necrosis were due to causes unrelated to the inoculations. 
Transplanting earlier in the year may well have caused root damage from which 
some plants had not yet recovered.
The 1972 experiment.
Following the lack of positive infection in the 1971 experiment, and 
in the light of observations from the field experiment at Friston forest, 
it was postulated that Nectria was acting as a wound parasite mainly during 
the dormant season of its host, when physiological defence mechanisms were 
inactive. The 1972 experiment was planned to test this hypothesis.
Trunk and branch isolates of Nectria were again used, and were re-isolated 
as fresh cultures from perithecia produced in artificially induced cankers on 
trees in the Friston forest inoculation experiment. With both isolates 16 
three-year-old potted beech were inoculated during dormancy on 17 Febraury 
1972. There were 32 wound only controls. The same latin square design was 
used as in 1971» Each plant was wounded with a small vertical scalpel slit.
The inoculum of Nectria mycelium was applied to the wound on a 1% malt agar 
square, protected by three layers of wrapping as previously described.
The first plants began to flush on 17 April, two months after inoculation.
All plants were watered equally at the beginning of the season. The restricted 
watering regime was started in mid-July.
Results
Woolly beech aphis was again present on the leaves, but was not as serious 
as in 1971» Some leaf browning was evident and again root damage was suspected. 
The sunflowers did not grow as well in 1972, several being damaged at ground 
level when at the seedling stage, an "eyespot” lesion partially girdling the 
affected stems.
Each plant was assessed for foliar symptoms on 12 October, when autumn 
colouration was beginning. The first visual assessment of stem damage was made 
on 31 October, and the plants were harvested on 17 November. Damage was 
subsequently described in detail in the laboratory with sketches being made of 
the affected areas.
The dormant season inoculations proved successful. All Nectria inoculated 
plants produced small cankers. The uninoculated control wounds calloused vigorous 
ly (Fig.27). Using calipers, measurements were made of the stem diameter 
immediately below the inoculation point, and the length and breadth of all 
cankers or callus growth. Means of the eight replicates for each treatment 
were calculated, and the results were included in Table 3^» Cankers formed by the 
Nectria branch isolate were slightly larger than those caused by the trunk isolate 
Breath of cankers was slightly smaller with the restricted watering regime. 
Re-isolation of Nectria from canker edges was moderately successful, particularly 
with the trunk isolate.
Fig. 27. Callus on wound-inoculated control, and canker of
length 32 ram. produced by trunk isolate of Nectria 
on four-year-old potted beech wound inoculated 
during dormancy.
Statistical Analysis
Analysis of variance was applied to the experiment which was of a latin 
square design. The treatment sum of squares were partitioned in Table 33 
which also includes the experimental contrasts. The means of the 
sub-divisions are given in Table 3^« Significant differences occurred 
within Control and within Isolates which would tend to invalidate these 
comparisons. However the differences for breath of canker were so large 
that they could not be ignored, especially as the values making up the means 
did not overlap.
The 1973 experiment
Previous years' experiments indicated that Nectria inoculations were 
successful mainly during the dormant season, but that there was little 
difference between the effects of the two watering regimes. The 1973 
experiment was essentially a refinement of the 1972 experiment.
A standard wound, a vertical slit about 6 mm. in length, was made using 
a chisel-ended tool. Each 4-year-old plant was wounded towards the base of 
the main stem at a northerly aspect. One fresh Nectria trunk isolate 
(23:1:73) was used. The inoculum was taken from the edge of a 19 day old culture 
grown on 2% malt agar. Inoculations were made on 26 February 1973»
There were forty pots in a randomized layout. Each treatment contained ten 
replicates. The plants flushed by 17 April, and were all watered liberally 
until 10 May when the different watering regimes were established.
Results
Infestations of Woolly beech aphis and some browning of leaves again 
occurred, but did not affect the experiment to any noticeable extent. Plants 
were harvested on 27 December and assessed in the laboratory on 4 January 1974.
Four of twenty control wounds had become infected to form small cankers, 
the remainder had calloused over. The size of callus produced was smaller 
with restricted watering. All Nectria inoculations had produced cankers, 
although on four of the replicates adequately watered pronounced callousing 
had occurred at the edge of each canker. Relatively larger cankers were 
produced with restricted watering. The results are included in Table 33» Thus 
from the 1973 experiment an effect of restricted watering during the growing 
season can be seen on the decreased diameter increment of the beech stem, the 
decreased callus production from uninoculated wounds, and on the greater size of 
cankers produced on beech inoculated with Nectria during the previous dormant 
season.
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Subdivision of Treatment 
Mean Squares
Degrees of 
Freedom Experimental Contrasts
Stem Length and Breadth of
- Diameter Canker
Control vs Isolates 1 * * ***
Within Controls
Control Adequate vs Control
Restricted 1 - *
Within C.A.*s 1 - *
Within C.R.'s 1 - - —
Within Isolates
Branch vs Trunk 1 $ _ ***
Within BR 1 - _ ***
Within TR 1 ***
- = Not Significant: * = significant at
*** = significant at 0«1%
Table 33. Potted beech inoculations 1972. Partition of treatment sum of 
squares, and table of experimental contrasts
Treatments
Stem
diameter
(mm)
Length
canker
(mm)
Breadth
canker
(mm)
Control vs Isolates
Control 11.1 18.4 3.5
Isolates 1 2 .0 15.7 7.2
Standard error 0.235 0 .872 0 .128
Experimental contrast * * **
WITHIN CONTROL
Control A vs Control R 
Control adequate 11.17 15.91 3.76
Control restricted 11.04 20.94 3.33
Standard error 0.333 1.233 0 .180
Experimental contrast - - -
Within Control Adequate
Cl A 11.4i 16.04 4.29
C2 A 10.94 15.77 3 .2 2
Standard error 0.471 1.74 0.255
Experimental contrast - - *
Within Control Restricted
Cl R 10.98 19.14 3.41
C2 R 11.11 22.74 3.25
Standard error 0.471 1.740 0.255
Experimental contrast
WITHIN ISOLATES
Branch vs Trunk Isolates 
BR 12*66 17 .20 7.81
TR 11.39 14.16 6 .5 6
Standard error 0.333 1.233 0 .1 8 0
Experimental contrast * - ***
Within Branch Isolates
BR R 12.05 16.46 7.07
BR A 13.27 17.94 8.55
Standard error 0.471 1.743 O.255
Experimental contrast - - ***
Within Trunk Isolates
TR R 10.77 14.39 5.57
TR A 12.00 13.93 7.54
Standard error 0.471 1.743 0.255
Experimental contrast
. ............  -... . .. .. ..
* **
Table 34: Potted beech inoculations 1972* Means of treatment
subdivisions
1 û S
Stem diameter (mm)
Nectria/
Adequate
Nectria/
Restricted
Control/
Adequate
Control/
Restricted
14.00 12.40 13.60 11.95
Standard
error 0.459 0.371 O .566 0.390
Experimental contrast between treatments = *
Within treatments Bartlett's test - not significant
Length of canker (mm)
Nectria/
Adequate
Nectria/
Restricted
Control/
Adequate
Control/
Restricted
11.20 11.90 7.57 6 .7 2
Standard
error 1.443 1.566 0.202 0.121
Experimental contrast between treatments _ **
Within treatments Bartlett's Test = ***
Breadth canker (mm)
Nectria/
Adequate
Nectria/
Restricted
Control/
Adequate
Control/
Restricted
5-90 6.40 3.50 1.72
Standard
error 0.464 0.686 0.393 0. l46
Experimental contrast between treatments = * *
Within treatments Bartlett's Test s= ***
Table 35» Potted beech inoculations 1973» Variate treatment means
Statistical Analysis
The single classification design consisted of 40 random pots. Stem 
diameter, length of canker and breadth of canker were significantly different 
between the groups, but with length and breadth of canker the difference 
within the groups were so large that they invalidated the significance of 
differences between the groups. The means for the variâtes of the four 
different treatments are given in Table 35»
Artificial infestation of P.39 beech with Beech scale
The Beech scale is implicated as an essential precursor to the Beech bark 
disease, their feeding wounds in the bark subsequently providing infection courts 
for invasion by Nectria. This experiment was established in August 1972 within 
an unaffected area of 33*-year-old beech at Queen Elizabeth forest. It was 
recognized that artificial infestations of the insect might take a few years 
to build up to a high population on individual hosts, but if this was successful 
inoculations with Nectria would then be made in an attempt to demonstrate the 
succession of organisms prior to the appearance of Beech bark disease symptoms.
Forty trees were selected for infestation, with the same number of paired 
trees chosen as uninfested controls. Inoculum was obtained from a heavily scale- 
infested pole-stage beech felled from within the forest. Two infested bark strips 
approximately 10 x 2 cm. were secured face down at breast height by wire ties on 
each tree to be artificially infested.
Results
An assessment of Beech scale populations was made using the 0-5 scoring 
system, prior to the artificial infestation (August 1972), and two months 
afterwards (October 1972)• Thereafter annual assessments were planned, the 
first of which was undertaken in October 1973» The results are presented in 
Table 36.
Assessment Date
No. of trees as 
uninfested controls, 
Beech scale score
No. of trees with 
Artificial infestations, 
Beech scale score
6 1 2 0 1 2
August 1972 38 2 0 35 3 2
October 1972 38 2 0 0 35 5
October 1973 39 1 0 8 9 23
TABLE 36 ARTIFICIAL INFESTATION WITH BEECH SCALE. SUMMARY OF EXPERIMENT DATA
Host artificial infestations were becoming established well within 
two months. The insects tended to move downwards from the inoculum, usually 
for a few centimetres, but one group of new scale was seen about 75 cm. 
below. On five trees a slight increase in the natural Beech scale population 
was apparent. However, as the experiment was sited in an area with a low 
natural population of Beech scale, any substantial natural increase in 
numbers should be reflected by the scores of the uninfested control trees.
Fourteen months after artificial infestation 57•5% of trees showed an 
increase in Beech scale to a score of 2 (slight infestation), a further 
22.5/0 showed a score of 1 (very slight infestation), and on 20% of the trees 
the artificial infestation had not been maintained. The experiment has been 
successful initially, and the increase in newly established colonies will 
be monitored with interest.
LABORATORY STUDIES
Materials and methods
(i) Media and their preparation
Proprietary media (2/o w/v)
Corn meal agar
Czapek Dox agar (modified)
Potato dextrose agar
(Oxoid Ltd., London, S.E.l)
Prune agar
(Difco Laboratories, Detroit, Michigan, U.S.A.)
Specially prepared media
2% w/v nutrients (unless otherwise stated) purchased locally, 
and 2% w/v agar
(Davis standard agar, Davis Gelatine Ltd., 
Leamington Spa, Warwicks)
or
(Difco Bacto-agar).
Malt agar
(Dry Stortex, British Diamalt Ltd.,
Sawbridgeworth, Herts)
Beech bark agar 
Maize meal agar 
Rice agar 
Water agar
Whole cereal grain agar (wheat, oat, barley, 1:1:1)
Streptomycin was occasionally used as an antibacterial supplement at a
concentration of 1.3 jig/ml (Streptomycin Sulphate B.P., Glaxo
Laboratories, Greenford, Middx.)
Tap water was used for all preparations. Media were sterilized in an 
autoclave at a temperature of 121°C and a pressure of 15 p.s.i. for 
15 minutes. After cooling to about 45°C media were poured in 
approximately 15 ml. aliquots into 9 cm. diameter sterilized 
polystyrene disposable Petri dishes (Sterilin Ltd., Richmond, Surrey).
All plates were used within a few days of preparation*
(ii) Stains
Aniline blue (B*D.H* Chemicals Ltd., Poole, Dorset) as a 
0.1% w/v solution in lactophenol was used as a stain for most 
fungal material. The blue dye was taken up well by the cell 
walls of Nectria ascospores, and thus this stain was used in all 
preparations of the spore trap tape.
Ruthenium red (ammoniated ruthenium oxychloride, B.D.H.) as 
a 0.02% w/v aqueous solution was used as a specific stain for 
pectin. The pink dye was found to be an excellent stain with 
which to resolve the cell walls and septa of Cylindrocarpon 
macroconidia.
(iii) The near ultra-violet light bench.
Leach (1962) and other workers in recent years have demonstrated 
the effects and importance of using near ultra-violet light to induce 
sporulation in fungal cultures. A light bench modelled on that 
used by the Commonwealth Mycological Institute, Kew, Surrey (Anon., 
1968) was therefore constructed.
Three 1.22 m. fluorescent lamps (at 11 cm. spacing) were used 
with a Dexion framework with plywood base and top# One Philips cool 
white daylight tube MCFE 40 w/33 was placed either side of a Philips 
black light tube TL 40 w/o8 (Philips Electrical Ltd., London WC 2).
A time switch operated the system on a 12 hour on - 12 hour off cycle# 
The base of the bench was 4? cm. below the lamps.
The standard 9 cm. polystyrene disposable Petri dishes have 
approximately a ?0% transmission of near ultra-violet light. 
Sub-cultures were first incubated at 22°C in the dark for 1 to 4 days 
for growth to become established and then for 5 to 10 days on the 
light bench until colony growth was complete, and sporulation induced. 
Sealing the edge of the plate with P.V.C. electrical tape "Lassotape" 
(Smith and Nephew Ltd., Welwyn Garden City, Herts) helped to prevent 
too rapid drying of the media under the warmth of the fluorescent 
lights.
(iv) Moist chamber incubation.
Infected specimens of beech bark from branch or trunk were 
incubated at room temperature (20-22°C) within any glass chamber 
containing moist sterile filter paper, to induce fruiting of Nectria.
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Specimens were surface sterilized by immersion in 0.1% w/v mercuric 
chloride aqueous solution, followed by two rinses in sterile tap 
water. Perithecia were produced from the necrotic areas within 
approximately three months (Grant and Savory, 196%).
(v) Single ascospore isolations.
The following method was used to obtain pure isolates of Nectria 
in culture. Approximately ten mature perithecia were excised from 
affected beech bark and placed in a test tube containing 9 ml. sterile 
tap water. The perithecia were then macerated with a round-ended 
glass rod. Two drops of Tween - 80 were added to assist in keeping 
the suspension homogenous. Two drops of homogenate were transferred 
using a sterile pipette onto the surface of 2% malt agar medium.
The liqruid was evenly dispersed across the plate using a specially 
prepared glass spreader which had been flame sterilised.
After incubation at room temperature in the dark for 18 to 24 hours 
each plate was examined under a Wild M4A stereo binocular microscope 
using a magnification of x 40. Single germinating ascospores could be 
seen at the centre of small isolated colonies of mycelium 50 to 100 jim 
in length. These colonies were excised on a minute block of medium 
using a flame sterilised fine gauge wire on a mounted needle. It was 
important to remove colonies well separated from their neighbours to 
ensure that the resulting isolate was a true single ascospore isolation. 
Stock cultures were maintained oh 2% malt agar slopes in Universal 
bottles.
(vi) Observation of fungal material.
Most microscopic examinations were made under magnifications of 
x 100 or x 400 using a Gillett and Sibert Conference Projection binocular 
microscope. A convenient method of examining cultures without gross 
disturbance to the^in vitro growth of mycelium and conidia was to 
remove a small portion of the colony by lightly pressing a strip of 
clear adhesive tape across its surface. A temporary mount was prepared 
by placing the tape on a glass slide in a small volume of stain as 
a mountant (Butler and Mann, 1959)*
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Examination of beech anatomy
One of the investigations undertaken at the start of this project was 
the anatomical study of beech from diseased areas* The intention was to look 
for any history of growth abnormalities, and if present to determine whether. 
these originated at the same time, and to what factors they could be 
attributed. The measurement of annual ring widths was considered to be the 
most appropriate method to index past growth performances*
Much of the material examined was collected from diseased trees in Queen 
Elizabeth forest which were available for destructive sampling. Cross-section 
discs were cut from the trunk of each tree. Initial difficulty was experienced 
in the preparation of the material in order to present clearly defined annual 
rings. It was found that a smooth cut with a band saw gave good results, or 
as an alternative part of the disc’s surface could be pared away with a scalpel* 
Samples from standing trees on diseased sites in southern England were extracted 
with a Pressler borer.
Ring widths could be measured with reasonable accuracy to 0.1 mm. using a 
ruler and the naked eye. Finer measurements to 0.02 mm. could be made using a 
Vickers vernier travelling microscope. Samples taken at intervals up the trunk 
of one tree gave similar information regarding growth patterns. When discs 
were cut from a regular bole little variability in the size of rings across the 
longest and shortest diameters was found. It was therefore decided that for the 
purpose of comparing annual growth the measurement of increments across one 
radius would suffice. Periodic acid applied to the xylem increased the contrast 
between spring and summer wood.
Results
Interpretation of the anatomical details observed in the beech xylem was 
not straightforward. The occurrence of "false" growth rings within true annual 
rings was confusing. There was a tendency for rings to become narrower and less 
well defined towards the bark, which could indicate an increment reduction 
resulting from the diseased condition of the tree* From the limited 
observations that were made there was no evidence to suggest that abnormal 
conditions in any one year might be associated with the onset of the disease. 
Fig. 28 presents the results from an investigation of the ring widths of seven 
trees from an affected compartment of Queen Elizabeth forest which were 
examined during the autumn of 1969*
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Determination of bark turgor
The moisture content of bark cells has been reported to influence 
the susceptibility or resistance of trees to facultative pathogens which 
cause canker diseases (Bier, 1961)# A pilot experiment was performed to 
assess the reliability of the method for determination of bark turgor.
During dormancy, twigs were collected from an apparently healthy 
beech in Alice Holt forest. The bark produced by the previous season's 
growth was stripped down to the cambium, and the fresh weight of the sample 
was found. The tissue was soaked in distilled water for 24 hours, and the 
saturated weight was obtained after surface water had been removed by 
blotting. The sample was then oven dried at 95°C for 4 hours, and the dry 
weight was evaluated.
Results
Fresh weight of sample = 0.30 g.
Saturated weight of sample = 0.46 g.
Dry weight of sample = 0.20 g.
The relative turgidity of the bark was calculated using the formula:
% R«T. = weight of water in fresh sample ^  ^
weight of water in saturated sample
Hence, R-T- = 32 x 100 = 33.5,5
The figure for this sample did not appear to relate to the hypothesis that 
the relative turgidity of healthy (resistant) trees should be above a 
threshold value of about 00%. The method of bark turgor determination 
was straightforward, and would be of value if consistent results could be 
obtained to support the hypothesis. The experiment was repeated and gave 
a similar result. Thus although only two samples were analysed this 
approach to the evaluation of bark moisture content was considered 
unreliable.
In vitro production of perithecia by Nectria coccinea
(i) An initial attempt to stimulate the fruiting of Nectria isolates in 
culture.
Lortie (1964) succeeded in producing perithecia of N. galligena 
in culture, so it was planned to investigate the factors required 
to stimulate the fruiting jji vitro of Nectria from beech. Natural 
media were considered to be most favourable for the initiation of
perithecia. Three types of food base were tried, powdered beech bark, 
wheat-oat whole grains, and wheat-oat-barley whole grains in equal 
quantities. The substrates were used at a concentration of 7% w/v 
with 1% agar w/v in tap water. Approximately 25 ml. of medium was 
poured into each Petri dish.
One trunk isolate and one branch isolate of Nectria (TR 18.12.70 
and BR 18.12.70) were used in the experiment which was set up on 
15 January 1971* One single-spore isolate was inoculated onto each 
plate. Plates were incubated under three lighting regimes, in 
darkness in an incubator, in daylight on a window sill, and under a 
near ultra-violet light bench operating a diurnal on-off cycle.
There were five replicates of each medium under each treatment.
Results
Growth of the mycelium was most vigorous where whole grains were 
exposed at the surface of the agar, and here some asexual sporulation was 
apparent. Growth on powdered beech bark agar was sparse* After several 
weeks small red structures, thought to be perithecial initials, were 
produced on all media. After three months these structures remained small 
and appeared to be sterile. Fewer structures were produced on the replicates 
grown in the dark. The experiment was curtailed because of drying out of 
the media.
(ii) Mating Nectria single-ascospore isolates.
Four single-ascospore Nectria isolates were cultured from perithecia 
fruiting on the trunk of a diseased beech, and were designated W, X, Y, Z. 
Three media were used, 2% w/v malt agar, whole cereal grain agar, and 
powdered grain agar, with nutrients at 7% w/v and agar at 2% w/v 
concentration. There were two treatments, darkness and daylight, and 
two replicates for each combination. Two isolates of Nectria were 
transferred onto opposing sides of each plate. Plates were inoculated, 
then sealed with vinyl tape to reduce drying out, and incubated at room 
temperature from 19 November 1971*
Results.
The plates were examined on 11 February 1972 after 3 months.
Vegetative mycelium and some conidial pustules were apparent on those plates 
where isolates had been selfed, and on those crosses which were presumably of a 
similar compatibility type. Crosses of different compatibility types produced
a distinct zone line across all plates where the two colonies met, and in 
several cases perithecia formed in this vicinity. Sporulation was greatly 
stimulated in the light. Mycelial growth was again best on whole grains*
One isolate appeared to be intermediate in its response, forming zone lines 
between isolates of two opposing compatibility types (table 37). Thus it was 
uncertain whether that particular isolate was of mixed genotype, or whether 
the mechanism of sexual reproduction was multi-allelic.
Isolate Pairing Response
W Y Perithecia
X Y Zone line
X Z Zone line
Y Z Perithecia
TABLE 37 MATING RESPONSE OF SOME NECTRIA ISOLATES
Measurements of spores and fruiting structures were made to assist 
with the characterization of the fungus. Representative measurements of 
conidia are given in table 39, and are taken from a sporodochium produced 
on powdered grain agar by a WY cross grown in the dark.
The measurement of structures formed by sexual reproduction between 
isolates YZ grown on malt agar in the light are presented in table 38(average 
of two replicates).
Structures No. Measured Av. Length & Breadth(pi)
Range
(pi)
Perithecia 5 424 x 317 390-455 x 286-364
As ci 30 8 9 .5 x 8 .0 78.3-99.9 x 4*1-10.8
Ascospores 30 12*8 x 5 .2 10.8-16 .2 x 4.1-5.9
TABLE 38 DIMENSIONS OF SEXUALLY PRODUCED STRUCTURES FROM YZ CROSS
(iii) The production of Nectria perithecia in culture.
Indications from previous investigations led to the establishment 
of a detailed crossing experiment. Single-ascopore isolates were
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obtained from Nectria fruiting on the trunk of a Beech bark diseased
tree in Queen Elizabeth forest (23.2.72)• Twenty-five such colonies
were grown for 20 days in the dark at room temperature, of which
twelve isolates (designated A to M, excluding I) were selected for
use in this experiment on the basis of a variety of colony characteristics.
The twelve isolates were crossed using a chequer board design to give
a total of 78 plates.
Each plate contained approximately 15 ml. of 1% w/v malt agar,
together with one strip of Beech bark and one beech twig sterilized
o
separately for one hour at 15 p.s.i. and 121 C. Plugs of inoculum 
from the pair of selected isolates were extracted with a No. 1 cork 
borer, and placed towards opposite edges of a prepared plate. Plates 
were sealed using vinyl tape and placed on the near ultra-violet light 
bench (15*3*72).
Results
Sporodochia developed on the bark within two weeks. After seven 
weeks, twelve plates showed some development of perithecia* It was considered 
that fruiting might be enhanced at a cooler temperature, commensurate with 
that experienced in the forest. Plates were therefore placed in an incubator
at 15°C from week 9 to week 12 by which time many more perithecia had been
produced. Perithecia had developed on 36 plates after 15 weeks (table 10.
The isolates fell into two compatibility types. By coincidence six 
isolates of both groups had been selected:
Group 1. Isolates A C E F G M.
Group 2. Isolates B D H J K L.
One cross of similar compatibility types AE had produced some perithecia 
after 15 weeks.
Representative crosses covering all twelve isolates were used to 
characterize the fungus. A summary of the dimensions of perithecia, ascospores, 
and conidia is presented in table 4L» General agreement is found with the. 
description of N. coccinea (stat. con. Cylindrocarpon candidum), but the 
macroconidia are somewhat shorter than those quoted by Booth, 1966 (table 44)•
A few selected crossings were made using sterile soil as the base medium, 
with the dishes placed in the light. Conidial production on bark was noted 
after about two weeks, but the trial was unsuccessful because of the 
difficulty in keeping the dish contents free from contamination.
CROSS APPROX. No. ON TWIG ON BARK ON AGAR
AB 20 -
AD 1 - 8
AH 50 50
AJ 70 10 4
AK 10 5 -
AL 15 ' — 8
CB 100 100 35
CD 100 50 15
CH 30 20 7
CJ 20 25 **
CK 10 -
CL 5 35 75
EB 25 10 10
ED 30 25 3
EH 75 10 -
EJ 5 40 -
EK 100 - 10
EL 10 - 6
FB 75 25 4
FD 75 10 3
FH 15 10 5
FJ 50 40 5
FK 10 10
FL 100 - 5
GB 25 - 50
GD - 5 —
GH 5 " 3
GJ - 5 1
GK - 35
GL 10 15 10
MB 100 75 10
MD 10 15 5
MH 4o 5 -
MJ 10 3
MK 50 5 5
ML 5 - 10
(AE 20) - -
TOTAL 1256 638 297
AVERAGE 35 18 8
TABLE 40 NUMBERS OF PERITHECIA PRODUCED FROM NECTRIA SINGLE 
ASCOSPORE CROSSES AFTER 18 WEEKS
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The effects of temperature on the linear growth rate of Nectria isolates.
In this experiment the growth rates of one trunk isolate (TR 7*9*70) 
and one branch isolate (BR 26.10*70) of Nectria from beech were computed 
over a range of temperatures. Plates were incubated in darkness at 
2°, 5°» 10°, 15°i 22°, and 27°C. There were four replicates of each 
isolate at each temperature.
Discs of inoculum 3*5 mm. in diameter were cut using a No. 1 cork 
borer from the edge of 18 day old colonies. Each plug was placed in the 
centre of a Petri dish containing approximately 15 ml. of 2% w/v malt agar. 
Colony diameters were measured at intervals of two or three days*
Results
The mean colony diameters for both isolates after 14 days growth were
plotted on a graph (Fig.29 )• The optimum temperature for the growth of
the branch isolate was about 20°C., whilst that of the trunk isolate was
o o
probably between 22 and 27 C. Both isolates maintained slow growth at 
2°C., whilst reasonable growth occurred at 5°C. Hence under the conditions 
of a British winter low temperature would not often prevent extension of 
Nectria within infected beech bark.
The effects of media on the linear growth rate of Nectria coccinea.
(i) The growth rate of one Nectria trunk isolate was compared on 
eight different media. Discs of inoculum were transferred from a 
parent plate with a No. 1 cork borer onto the centre of five replicate 
plates of each medium, and incubated at 22°C in the dark. Colony 
diameters were measured at regular intervals. The mean daily 
growth rates are presented in table 42 .
Results
Medium Growth Rate mm/day over 4-11 days
2% potato dextrose agar 6 .8
2% maize meal agar 6.5
2% whole grain agar 6 .1
2% prune agar 5*9
2% beech bark agar 5.7
1% water agar 5*6
2.5% malt agar 5*0
2% malt agar + streptomycin 3.2
TABLE 42 GROWTH RATE OF N. COCCINEA ON DIFFERENT MEDIA
COLONY DIAmCTER W n .
L
t
T R U N K  I S O L A T E
BRANCH ISOLATE
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Fig, 29. The effect of temperature on the linear growth 
of Nectria isolates (at 14 days)
(ii) The growth rates of several Nectria trunk isolates
were compared on six different media which were chosen for their
high nutrient content. Six replicates of each treatment
owere incubated at 22 C in darkness. Colony diameters were 
measured at regular intervals. The mean daily growth rates 
are presented in table 43.
Results
Medium Growth Rate mm/day over 3-10 days
Isolate 28.5.17 14.11.69 A4.2.70 84,2*70 C4.2.70
10% malt 5% agar 7.9 9.0 8.5 8.9 8 .5
2% potato dextrose agar 8.4 7.4 7.8 8.5 7.9
2% malt agar 7.0 7.5 7.1 5.9 6*5
2% rice agar 7.6 6.9 6.9 6.9 6 .1
1% malt agar + 1% cellulose 7.0 7.0 7.2 7.2 6 .1
2% whole grain agar 6 .8 6.4 6 .1 6 .1 5.8
TABLE 43 Growth rates of Nectria trunk isolates on different media
Culture characteristics of a Nectria isolate on a range of media
The colony colouration of Nectria trunk isolates when grown on malt agar 
in the light ranges from completely white, through white with orange zonations, 
to rich orange-yellow, and sectoring occurs. One isolate (TR 15.9*69) was 
inoculated onto ten different media on 24 September 1969. Plates were incubated 
in the dark at 22°C.
The media were:
Beech bark agar 
Corn meal agar
Maize meal agar ,
Malt agar
Malt agar with streptomycin 
Prune agar 
Rice agar 
Water agar
Wheat-oat grain agar.
Potato dextrose agar
1 2 3
Results
Cultures were examined and described after one week, 2 weeks, 3 weeks 
and three months. On all media Nectria initially formed a white mycelium 
which was usually floccose, but sparse where nutrients were deficient. After 
one week1s growth colour tinting of the agar as a yellow to orange ring or 
central zone occurred with each medium. These pigmented rings seemed to result 
from a metabolic process which required stimulation by light (i.e. when 
cultures were removed from dark incubators for examination)•
A good description of each culture was obtainable after three weeks, 
although their appearance after three months was predominantly darker due to the 
accumulation of pigments, and the denseness of the mycelium. It is evident that 
the range of nutrients within the different media were responsible for variations 
in colony characteristics. Mycelial growth on poor media was sparse, whereas 
on media with a rich nutrient status fluffy colonies with tufts of aerial 
mycelia were produced. At first mycelial colouration was white but, depending 
on the available nutrients, a progression through gold, orange, pink, and finally 
to purple was observed. Diffusion of metabolites into the media gave agar 
colourations ranging from mustard yellow to deep pink.
Micro conidia were formed within two weeks on all media, although there 
were only a few where nutrients were sparse. A few elongated, occasionally 
uniseptate, spores were observed which were possibly immature macro conidia, 
but it seems possible that these cultures received insufficient light to induce 
abundant sporulation during their incubation in darkness. Small orange 
perithecial initials formed on all media within three months.
Preliminary investigations in the characterization of Nectria material.
Initial studies on perithecial material obtained directly from diseased 
bark were made in an attempt to determine the characteristics of Beech bark disease 
Nectria. Measurements of mature perithecia, asci, and ascospores were made 
under a binocular microscope usually under x 400 magnification. Literature 
regarding the characterization and nomenclature of Nectria spp. is confused.
The main references used in this study were the monographs on Nectria and 
Cylindrocarpon (Booth, 1959i 1966).
Results
(i) A trunk isolate in mixed culture was inoculated onto malt agar with 
streptomycin on 2 December 1969. Perithecia had been produced in 
culture by 3 March 1970. The asci examined were mostly immature.
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Measurements:
Asci (50) average 82.2 x 14.5^m, range 62.9-102.6 x 10.8-21.6 ]im.
Ascospores (6 in one ascus) average 14.6 x 5 .6 ym, range 13.5-16 .2 x
 ^ 5«4-5*9 ym.
(ii) Material was collected from the trunk of a dead beech in compartment 
4a Queen Elizabeth forest on 5 March 1970.
Measurements :
Perithecia (50) average diameter 305 .8 ym, range 221-403 ym.
Asci (lOO) average 7 6 .2 x 11.0 ym, range 51.3-116.1 x 6.7-16.2 ym.
Ascospores (100) average 17.7 x 5*8 ym, range 14.8-21.6 x 5.4-8.1  ym.
(iii) A perithecium was found on a branch canker in Queen Elizabeth forest 
5 March 1970.
Measurements:
The perithecium was 310 Un diameter, and 390 pn long.
Asci (25) average 81.2 x 7»2 yn, range 59.4-102.6 x 5.4-8.1 yn.
(iv) A perithecium found on a branch canker at West Woods, Savernake forest,
yielded ascospores with measurements in the range 16.2-21.6 x 5*4-5•9 ym.
(v) Thick bark from the trunk of a 77 year-old diseased beech at Lockinge 
Estate collected on 16 March 1970 contained large groups of perithecia.
Measurements :
The average number of perithecia in a group was 59 (32 groups counted).
Perithecia (20) average diameter 210 ym, range 156-286 ym.
(vi) Two groups of six ascospores were found in close proximity on the 
spore trap tape of 16 January 1970. They were suspected to be 
different species of Nectria.
Measurements:
Group 1 averaged 13.9 x 6.3 Wm, range 12.1-14.9 x 5*4-6.8  ym. (N. coccinea?). 
Group 2 averaged 21.1 x 5*9 ym, range 20.3-21.6 x 5*9 Pm. (N. ditissima?).
(vii) A group of seven ascospores on the spore trap tape of 17 February 1970
had averaged dimensions of 14.6 x 5*9 ym, with a range of 13*5-16*2 x
5*4-6.7  ym.
(viii) A group of seven ascospores on the spore trap tape of 19 February 1970 
had average dimensions of 13.9 x 5*7 ym with a range of 13*5-14.8 x
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(ix) Two groups of eight ascospores were located on a spore trap tape 
of 25 December 1969. Their average dimensions were:
12.6 x 6.0 pm, range 11.3-13.8 x 5.6-6*3 Pm, 
and 14.6 x 6.7 Pm, range 12.5-17*5 x 5*6~7*5 Pm.
(x) A trunk isolate (TR 7*9*70) inoculated onto tree 193 at Friston 
forest produced perithecia iii vivo. À mixed culture from these 
perithecia produced further perithecia on 2% malt agar in vitro 
after two months. The average size of 50 ascospores was 14.1 x 5*2 pm, 
with a range of 10.8-14.9 x 4.1-5.4 Pm.
Conclusions
It is evident from the dimensions quoted by Booth (1959) that these 
measurements often fell intermediate between species. In some instances the 
asci dimensions agreed with one species, and ascospores from those asci 
corresponded in size to another species. From the material examined it is 
probable that more than one species of Nectria were seen. It is possible 
that the dimensions of the sexual state of the fungus could be affected by 
the nature of the substratum on which it is supported. The dimensions of 
some Nectria spp. after Booth (1966) are presented in table 44.
A comparison of three Nectria species on the basis of perithecium and 
"àscospore dimensions.
Fruiting Nectrias from three different sources were gathered on 
21 February 1972* In Queen Elizabeth forest a dead beech branch broken off at 
the point of a girdling canker supported perithecia above the necrotic area. 
Perithecia were excised from the trunk of a tree recently killed by Beech 
bark disease, which had been under regular observation for the assessment of 
symptom progression. At Alice Holt a Norway spruce stake supporting a fruiting 
Nectria species was found. From each specimen the average dimensions of 
20 perithecia and 25 ascospores were measured.
Results
(i) Beech branch Nectria:
Perithecia 333-500 Vm (average 392 pm).
Ascospores 12.2-21.6 x 4.9-8.1 pm (average 17*4 x 6 .3 pm).
These measurements agree with those of N. ditissima.
(ii) Beech trunk Nectria::, ( Figs. 30 & 31)*
Perithecia 333-476 Pm (average 386 pm).
Ascospores 10.8-14*9 x 4.9-5*9 pm (average 12 .8 x 5*4 pm).
These measurements agree with those of N. coccinea
1
Perfect state: N. coccinea N.C. var faginata N. ditissima N. galligena
Imperfect state: C. candidum C. faginatum C. willkommii C. heteronema
Perithecia 250-350 300-400 250-300 250-350
Asci 75-100 x 7-10 72-94*5 x 6-9 85-95 x 15-18 75-95 x 12-15
Ascospores 12-15 x 5-7 11-14.5 x 4*5-6 14-21 x 5-8 14-22 x 6-9
Microconidia 4-9 x 1*5-3 11-14 x 3 8-11 x 2-2.5 4.8 x 2 .3
Septate 0 20-36 x 4-5
Macroconidia
1 30-40 x 4-5 10-28 x 4-5
2 34-46 x 5 -6 22-30 x 4-6
3
4
4o-6o x 5-7 
50-80 x 6-7*5
| 40-60 x 5-6.5
50-65 x 3-4
36-50 x 4-6 
45-65 x 4-7
5
6
j 60-110 x 6 -7
68-80 x 4 
75-86 x 4-4.5
7+ 80-90 x 4-5
TABLE 44. Dimensions of some Nectria spp. and their imperfect
Cylindrocarpon forms. After Booth (1966). Size in pm.
Fig. 30. Nectria coccinea, perithecium
X 450 (approx.)
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Fig. 31. Nectria coccinea, asci and ascospores 
Phase contrast, X 450 (approx.)
1 2 9
(iii) M.S. stake Nectria:
Perithecia 286-429 Wm (average 344 ym).
Ascospores 9«5~l6.2 x 4*9-6*8 ym (average 14.0 x 5*7 ym)*
These measurements agree with those of N. fuckeliana
The three isolates agreed in spore size with descriptions given by- 
Booth (1959)j and showed distinctive characteristics in culture*
A comparison of some cultural characteristics of a trunk isolate and a branch 
isolate of Nectria from beech.
After the preliminary investigations on Nectria isolates from beech under­
taken in the laboratory during the winter of 1969-70, further work was planned
in an attempt to differentiate species of Nectria fruiting in different habitats
on the host. Single-ascospore isolates were made from trunk and branch
perithecia (TR 18.12.70 and BR l8.l2.7O) and were compared in the following
studies.
(i) Morphological characteristics
The isolates were grown on 2% malt agar on the near ultra-violet 
light bench.
Trunk isolate TR 18.12.70
The cottony white mycelium grew well and produced aerial aggregations 
of hyphae around the centre of the colony. Lemon orange colouration occurred 
in radial streaks usually towards the colony edge. Within one week a mass 
of micro-conidia were produced, but few macro-conidia.
Branch isolate BR l8.l2.7O
This isolate was slower growing than the trunk isolate. The colourless 
to orange mycelium formed a smooth appressed colony. There was a white 
colouration around the colony centre. The mycelium growing on and in the surface 
of the medium gave the underside of the colony an orange colouration. Under 
the light bench good sporulation of both micro- and macro-conidia occurred 
within a fortnight.
No spores had been produced by either isolate after two weeks growth 
when cultures were incubated in the dark. In daylight, micro- and some macro- 
conidia, including those in the process of formation, were produced by both 
isolates. Near ultra-violet light enhanced sporulation of both types of conidia.
(ii) Dimensions of the perfect state of the isolates.
1
S t r u c t u r e Trunk
Average
Isolate
Range
Branch
Average
Isolate
Range
Number of perithecia in group 
Diameter of perithecia ( tm) 
Size of asci ( pm)
Size of ascospores ( pm)
33.8 
280.1  
74.6 x 8 .1
12 .2 x 5 .3
12-73
234-338
62.1-94.5 
x 6 .8-9.5
10.0-14.4 
x 4.4-6.9
8 .0  
255.3 
86.4 x 11.8
17 .2 x 5 .9
1-20
143-351
56.7-121.5
x 8.1-16.2
14.4-22.5 
x 5.0-7.5
TABLE 45 A COMPARISON OF TRUNK AND BRANCH ISOLATES OF NECTRIA, 
DIMENSIONS OF SOME STRUCTURES OF THE PERFECT STATE
(iii) Growth rates over 11 days on 2?o malt agar.
T r e a t m e n t Trunk Isolate Branch Isolate
Incubation in darkness
Incubation in daylight
Incubation under near U-V 
(diurnal cycle)
5 .5 mm/day 
3 .8 mm/day
4.6 mm/day
3 .9 mm/day 
2 .5 mm/day 
3 .0 mm/day
TABLE 46. A COMPARISON OF TRUNK AND BRANCH ISOLATES OF NECTRIA.
GROWTH RATES ON MALT AGAR.
Incubation in darkness and in daylight was at room temperature. Energy directed 
towards sporulation would account for the lesser growth rate in daylight. The 
temperature under the light bench was a few degrees above room temperature 
because of the direct heating effect of the strip light-source, therefore a 
greater growth rate resulted compared with incubation in daylight. In all cases 
the growth rate of the branch isolate was significantly slower.
(iv) A comparison of growth on 2% malt agar.
Following preliminary observations on the differences in growth rate, colony 
characteristics, and sporulation under varying light regimes a detailed experiment 
was set up using four replicates for each treatment.
1 3 1
T r e a t m e n t
Growth Rate mm/day over 4-14 days
Trunk Isolate Branch Isolate
In Darkness 5.7 • 4.6
In Daylight 6 .0 4.1
Under near U-V 5-2 3.9
TABLE 4?. GROWTH RATES OF NECTRIA ISOLATES UNDER DIFFERENT LIGHT 
REGIMES
The differences in growth rates were not nearly as clearcut as the 
preliminary observations suggested. With the trunk isolate growth under near 
ultra-violet light was slower than that in darkness or daylight. With the 
branch isolate there was little difference between the three treatments.
Colonies grown in the light produced diurnal zonations with lemon yellow to 
rich orange colouration. Some slight zonation and colouration did occur in 
those colonies incubated in the dark, probably because of brief exposure to 
light during examination*.
In darkness the trunk isolate produced micro-conidia and attempted to initiate 
macro-conidia, whilst light encouraged maturation of macro-conidia. The branch 
isolate produced only a few micro-conidia (mainly in darkness), whilst macro- 
conidia were abundant after two weeks in the light. Comparative spore 
measurements could not be made because of the scarcity of macro-conidia produced 
by the trunk isolate, and the drying out of the medium before full sporulation was 
reached.
(v) A comparison of growth rates and colony characteristics on different 
media.
In this experiment the two isolates were grown on six different media at agar 
concentrations of 2%. Five replicates of each treatment were used. Cultures 
were grown in the dark for four days, then transferred to the near ultra-violet 
light bench.
Growth ratesî
M e d i u m
Growth rate, mm/day (5-14 days)
Trunk Isolate Branch Isolate
Beech bark agar 6 .1 4.2
Potato dextrose agar 4.2 4.0
Malt agar 6 .6 4.3
Corn meal agar 5.3 3.7
Prune agar 3.9 4.3
Czapek Dox agar 3.0 2.7 132
TABLE 48 GROWTH OF NECTRIA TRUNK AND BRANCH ISOLATES ON DIFFERENT MEDIA
Colony characteristics after 14- days:
On all media both isolates produced white mycelium at first. Where 
nutrients were richer lemon yellow to orange colouration of both mycelium and 
agar was occurring after two weeks. The branch isolate colonies were always 
smaller in size than those of the trunk isolate, and were generally appressed.
On the richer media the trunk isolate produced fluffy colonies. The trunk 
isolate produced micro-conidia, and a few immature macro-conidia on all media.
The branch isolate produced macro-conidia on all media except Beech bark agar 
on which no spores were observed.
Dimensions of Cylindrocarpon macro-conidia
Single-asco spore trunk and branch isolates of Nectria were grown in culture 
as the imperfect Cylindrocarpon state, and dimensions of macro-conidia were 
measured after three to four weeks colony growth in the light. Micro-conidia were 
generally numerous and were produced after a few days. They were superceded after 
about two weeks by macro-conidia which ranged from 0 to 8 septate. In some cases 
an indication of the frequency of septa is given by alphabetic lettering. Fifty 
measurements were made to find the average size of most septate conidia, although 
fewer readings were taken where numbers were of low frequency. The maximum error 
for individual readings was + 0.4 m. The results presented in table 49 should 
be compared with the dimensions for macro-conidia quoted in table 44. There were 
no consistent differences to differentiate trunk and branch isolates on the basis 
of macroconidial dimensions. The most mature macro-conidia of the trunk isolate 
tended to be slightly larger than those of the corresponding branch isolate. The 
medium on which isolates were grown appeared to influence the size of the conidia.
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DISCUSSION
The hypothesis that the cause of the disease is a complex of Beech 
scale infestation and subsequent invasion by Nectria, as first described by 
Ehrlich (1934), is to some extent supported by my observations in 
destructively sampling bark of affected trees. Transitional stages between 
small necrotic spots under Beech scale colonies, and the larger necroses 
caused by the extension of N. coccinea through the bark, have been seen.
It is considered that because of their frequency Beech scale colonies provide 
the great majority of sites through which the fungus may invade. Sites of 
ingress become available each autumn as the adult insects die. At the same 
time the tree becomes dormant and loses the defence reaction of callus 
production, thus entry of the fungus is facilitated. Natural wounds and 
points of weakness in the bark, such as branch stubs and epicormic shoots, 
were also seen to provide entry points for the fungus but were less important. 
Squirrels were not thought to cause suitable wounds for infection because at 
the time of most damage in late spring the host is capable of vigorous callus 
production.
Development of pits of less than 1 cm diameter in the bark associated 
with previous infestations of Beech scale has occasionally been described in 
the past (Hartig, i860; Thomsen et al., 1949)• In the present study a small 
necrotic spot was seen to develop under each established Beech scale colony.
The necrosis is caused by death of bark and cambial cells along the paths 
penetrated by the insects' mouth parts. This has been regarded as a host 
defence mechanism (Kunkel, 1968). In subsequent growing seasons the normal 
growth of surrounding cells accentuates the necrotic spot and a small pit forms.
The "T" defect described in France by Jacquiot (1961, 1962) and considered 
to be initiated by C. fagi produces scarred bark and fine fissuring of the wood. 
Guillemain (1961) considered it possible that a growth regulator injected by 
the insects into the cambium may cause a disturbance in the tree's metabolism.
In W. Germany Sinner (1965) described rough patches of bark overlying small 
discoloured patches that extended to varying depths in the wood, and attributed 
them to areas of heavy Beech scale infestation. Severe malformations such as 
the production of callus knots have been attributed to C. fagi (Thomsen et al., 
1949) but were not observed during this study. It is considered that they 
might result from tissue reaction over many years.
Distinctive tarry spots (slime flux) following Nectria infection do not 
occur on all infected trees. The exact mechanism of their production is unknown.
Rhumb1er (1914) concluded that their cause is an infection independent 
from Beech scale infestations. Sap flows emanating from points of weakness 
in the bark such as necroses are a phenomenon which occurs on many tree 
species. It seems that the exuding liquid is colonized by saprophytic 
micro-organisms which cause the dark discolouration. A slightly different 
hypothesis was postulated by Ehrlich (1934) who considered that the 
saprophytes digested and fermented dead tissues to produce the discoloured 
liquid.
Each tarry spot examined on beech affected by the disease was seen to 
be associated with an underlying necrosis. If the outer bark is pared away 
necrotic tissue can be seen extending for several centimetres. At the 
junction of dead and live tissue an orange line may be seen which indicates 
a tissue reaction at the active front of the invading mycelium. The majority 
of my attempts at isolation from this zone yielded Cylindrocarpon candidum 
the imperfect state of Nectria coccinea.
The extension of a necrosis tends to be greater vertically than 
horizontally, and is probably due to the orientation of host bark tissues. 
Multiple necroses all round the trunk are associated with a significant 
destruction of tissues, and lead to crown symptoms of chlorosis and sparse 
foliage that are characteristic of water and nutrient deficiencies. The 
majority of trees with chiorotic crowns which were surveyed showed disease 
symptoms. However, one tree had squirrel damage at its base and there were 
a few trees where there were no obvious reasons to account for crown yellowing. 
Evidence for the occurrence of lime-induced chlorosis of beech as described 
by Day (1946) was not found in the present study, although colleagues have 
demonstrated a similar expression of manganese deficiency aggravated by high 
nitrogen content of the soil over chalk. Chlorosis resulting from damage to 
the root system would remain unidentified because detailed examinations of 
root systems were not made.
The variability of symptoms described by different authors may be 
attributed partly to local variations of attack both in time and place. Even 
within an affected area symptom expression was seen to differ on individual 
trees. Trees heavily infested with Beech scale may be found in an otherwise 
lightly infested area. Seriously affected trees are able to maintain their 
normal green foliage for some time. The little-leaf symptom may occasionally 
occur instead of the crown becoming chlorotic. Unfortunately very little is 
known about the role of host genotype in relation to the disease organisms 
and symptom expression.
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Occasionally the host makes a partial recovery from infection. The 
production of callus helps to slough off dead bark leaving a somewhat 
disfigured bole. True cankers are rarely produced in the Beech bark disease.
In some way the infestations of Beech scale may induce a physiological change 
in the periderm that suppresses the normal host defence reaction. As well 
as bark disfiguration the wood may also be damaged; this is the probable 
cause of the timber defect "Bpritzkern" (Conrad, 1972). Invasion of the wood 
by secondary organisms may reduce veneer quality timber to firewood (Georgi,
1965)» although Paucke and Groh (1965 b) considered that because defects 
were superficial the practice of grade reduction in E. Germany was unjustified. 
Nevertheless, the effects of the disease on timber production can be considerable 
since infection and deterioration of wood is rapid once the protection of live 
bark has been removed.
The progression of symptoms with time which was observed on diseased beech 
in plantations up to 45 years old was the same on mature woodland trees of 
private estates. A similar range of disease symptoms was observed on American 
beech (Fagus grandifolia) in North America, to that occurring on Fagus sylvatica 
in Great Britain, despite the morphological differences between these species. 
Discussions during my visit to North America indicated that there were many 
similarities between the disease occurring there and in Great Britain.
The problem of assessing disease severity was tackled by separating the 
two major symptoms : the infestation by Beech scale, and the later phase of
crown chlorosis resulting from extensive death of bark. Both parameters of 
assessment, using arbitrary categories, were basically subjective and open to 
error. The extent of Beech scale infestation apparently increased during the 
season due to the insects' secretion of new wax which was whiter and more 
noticeable than that produced in the previous season which had become discoloured 
overwinter. Recognizing degrees of foliage yellowing was most difficult on a 
bright day when sunlight filtered through the canopy. Thus, assessments were 
best undertaken when the sky was overcast.
A method of assessment for Beech scale infestation using the descriptions 
"none, trace, light, medium and heavy" was used by Barter (1947). Jennings (1955) 
used a similar system with intermediate categories. During the present study 
a descriptive method of assessment was used at first, but later a method of 
numerical scoring (0 to 5) was introduced in an attempt to make assessments more 
rational. Ehrlich (1934) attempted to quantify the descriptions of infestation 
according to their estimated duration on the tree, and he.also designated the 
amount of infestation using a 0 to 4 score. Nevertheless, such scores are
relative and do not correspond to absolute amounts of infestation; they still
rely on subjective assessment by the individual.
Deterioration in the health of the diseased tree as measured by crown 
symptoms was categorized by Barter (1947) as (l) healthy, (2) foliage weak 
in top, bare twigs, (3) less than half the branches dead, (4) over half 
the branches dead, (5) tree dead* However, for the present study, a method 
including estimates of foliar yellowing was considered more indicative of 
the degree of disease. Georgi (1965) and Paucke et al. (1965) used 
classifications involving size of bark necroses, with a scoring system according 
to the estimated amount of damage. Knigge and Schulz (1962) used a scoring 
system (1 to 4) to distinguish diseased wood according to extent of cambial 
lesions, duration of callus formation, and degree of damage by secondary 
organisms.
Assessments of the amount of disease in a stand have been made on the basis 
of percentages of affected trees, and also by estimating the proportion of 
beech basal area infected (Ehrlich, 1934)* In both cases infection by Nectria 
was not quantified, and the results were based strictly on presence or absence 
of the fungus. Because of the continuing need to assess the amount of disease 
in a stand for management purposes the method of scoring trees in categories 
I to IV was developed. This method gives an assessment based on both the range 
and severity of Beech bark disease symptoms.
The rate of change of disease symptoms on affected trees during four years 
of observations was mostly slow. Progression was not similar in each case, and 
was probably dependant on individual tree reaction. Too much emphasis should 
not be placed on the estimate of mortality rate, as this is largely governed by 
the phase of the disease. A similar range of symptoms was recognized on all age 
classes of beech both in southern England and in North America. Observations 
in permanent sample plots enabled Ehrlich (1934) to conclude that once Beech 
scale infestation had built up, the majority of trees produced symptoms of Nectria 
infection within three years, and some trees were killed within one or two 
years. Such a rapid attack was not seen in my sample plot observations, although 
reports from various sources do indicate that Nectria invasion of bark may kill 
a tree within one or two years.
Although the worst affected trees are conspicuous early in the growing 
season, all trees flush with green foliage, and yellowing develops during the 
season. September would therefore be the best month for assessment of disease 
symptoms. There was a tendency for affected trees to occur in random groups, 
the Beech scale spreading relatively slowly from foci of infestation. Thus, even 
disregarding hosts genotype variability, it was considered that each tree did not 
have an independent chance of becoming infected. Nectria spores are dispersed
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throughout a forest, but they depend principally on the frequency of Beech 
scale wounds for infection.
Nectria has long been associated with the disease, but Boodle and 
Dallimore (19H) also implicated Melogramma spiniferum (Wallr.) De Not.
Tabor and Barratt (191?) thought that localized bark dieback on old beeches 
was caused by Phaeobulgaria inquinans (Fr.) Nannf. Both fungi are commonly 
saprophytic on the bark of dead beech, but there is little evidence for their 
pathogenicity.
Nectria is a taxonomica1ly difficult genus, and a certain amount of confusion 
has arisen over the species associated with the disease. My observations on 
material gathered from affected beech indicate that N. coccinea sensu lato is 
implicated in southern England, but the exact identity of this fungus remains 
unresolved. In North America the variety N. coccinea var faginata is causally 
involved, but this variety has not been recorded in Europe. In Denmark 
N. galligena was considered to be the species associated with the disease, 
although the ascospore measurements quoted by Thomsen et al. (1949) fall within 
the range for N. coccinea. In Canada, where two species of Nectria have been 
identified on an affected Beech, N. galligena causes canker of various hardwoods.
In Europe N. ditissima causes canker on the twigs and smaller branches of beech, 
and on the trunks of young trees.
Whilst ascospore size and shape give reasonable guidance to the species 
of Nectria under investigation, the range of measurements do overlap. It also 
seems reasonable to assume that ascospore characteristics will depend to some 
extent on the substrate on which the fungus is growing, the maturity of the 
perithecium, and the turgidity of the spore at the time of observation. Doyle 
(1971) and La Madeleine (1973) used biochemical methods to differentiate 
Nectria species.
Identification of Nectria isolates was based on the measurement of characters 
from both perfect and imperfect states, supplemented by a range of laboratory 
studies. N. coccinea from the trunk of Beech bark diseased trees was distinguished 
in this way from N. ditissima associated with beech branch cankers.
Heterothallism of N. coccinea, previously reported by Booth (1966), was confirmed 
when mated cultures of single-ascospore isolates of opposite mating types 
produced fertile perithecia Ln vitro. Incorporation of a natural substrate in 
the medium enhanced perithecial formation (Lortie, 1964 a). It was also 
considered probable on evidence from the experiment that the development of 
perithecia was enhanced at the cooler temperatures likely to be experienced 
in vivo, than at temperatures prevailing in the laboratory.
Leach (1962) demonstrated that in a variety of fungi sporulation in 
culture was stimulated by exposure to near ultra-violet light. Cylindrocarpon 
candidum, under a diurnal cycle of 12 hours darkness and 12 hours light 
supplemented by a near ultra-violet light source, produced abundant microconidia 
within one week and mature macroconidia between two to three weeks. Growth of 
the fungus occurred over a wide range of temperatures, and was best between 
22° and 27° C (colony diameter increment averaging 6 .0 mm/day over 14 days). 
Linear growth was evident at 2°C and substantial at 5°C (2.4 mm/day). Thus, 
at the temperatures prevailing during a normal British winter, extension of 
the fungus within beech bark can be expected. This fact is of even greater 
significance when the dormancy of the host is considered (in the discussion to 
follow). Lortie (1962) considered N. galligena to be well adapted to Quebec’s 
winter climate because it germinated, grew, and discharged spores at 0 C.
Monitoring a known source of Nectria fruiting on the trunk of a Beech 
bark diseased tree showed that ascospores were discharged throughout the year 
during and following rain or very damp weather. Although clusters of perithecia 
became exhausted within a few months, the condition of adjacent bark deteriorated 
so that a succession of groups from underlying stroma burst through the bark to 
mature. Black erumpent stromata of the saprophytic fungus Diatrype disciformis 
(Hoffman ex Fries ) Fries,quickly follow fruiting of the Nectria pathogen 
through the dead beech bark which cracks, loosens, and is finally shed from the 
wood.
An inoculation experiment of complex design was established at Friston 
forest where the 27-year-old beech were relatively uninfested by Beech scale. 
Nectria inoculum was provided by a three week old culture of mycelium grown on 
sterile whole cereal grains. This substrate was known to be capable of 
supporting viable fungal mycelium in situ for several months (Shea, 1963; Lortie, 
1969)• However despite the wrapped inoculum the grains were an attractive source 
of winter food for birds, and damage to or loss of inocula occurred as Lortie 
(1969) found in N. America.
As previously demonstrated by Ehrlich (1934) inoculations with Nectria 
were successful only if the healthy bark was mechanically wounded. Lortie (1962) 
found that wounds older than two weeks were no longer susceptible to fungus 
penetration. Inoculations were most successful during the dormant season (c.f. 
Koning, 1939) when physiological host defence mechanisms may be inactive, a 
result which was later confirmed by inoculations on young potted beech in the 
glasshouse. This does not accord with the findings of Lortie (1962) whose
artificial inoculations of N. galligena on Quebec hardwoods were more successful 
at other seasons. It may be that the winter conditions in Canada were too 
rigorous for the pathogen to be effective.
Despite Ehrlich* s comprehensive study (1934), and the circumstantial 
evidence of multiple infection courts provided by the Beech scale, no one has 
succeeded in satisfying Koch's postulates (Koch, 1882) by inducing the range 
of Beech bark disease symptoms following artificial infestation and inoculation. 
The effect of inoculating N. coccinea onto healthy beech is to produce a well- 
defined canker which does not perrennate. Inoculations by Liebundgut and 
Frick (1943) with N. coccinea on beech were successful only through injuries, 
and the spread of infection did not exceed 6 cm. It is probable that heavy 
infestations of Beech scale induce a physiological change in the outer periderm 
(Kunkel, 1968), and the mechanism of defence necrosis may subsequently be 
impaired. The significant correlation between height of inoculation and canker 
length was unexpected, but does on reflection agree with the expression of 
disease symptoms which are infrequent around the base of a tree, occurring more 
usually on the main bole.
Attempts at recovering Nectria from the edges of artificially induced 
cankers were seldom successful. It was likely that the pathogen had been 
contained by the host's defence reaction, and had subsequently died. Contaminant 
fungi, principally Trichoderma spp., grew rapidly from bark excisions. The 
supplementary inoculation experiment of 1973 demonstrated that although the 
original Nectria isolates had declined in pathogenicity after three years of 
transfer on artificial media, their virulence had not completely attenuated. 
Therefore the almost negative results of inoculations made during the growing 
season were a reflection of the host's defence ability.
The complex nature of Beech bark disease is underlined by the many reports 
in the literature implicating various environmental factors which may affect 
disease incidence and severity. Evidence has often been conflicting, and 
sometimes difficult to substantiate. It is probable that more than one factor 
can influence the initiation and development of the disease. The existence of 
diverse explanations for the cause of the problem was recognized in reviews by 
Schindler (I931), Peace (1962), and Lyr (1967). Observations, surveys, a study 
of local forest management records, and experimental research have been directed 
at establishing which factors are the more important.
Houston (1970) used aerial photography in Vermont to detect and record 
changes in foliar symptoms of Beech bark disease in selected forest stands. 
Similarly, the aerial photographs of Queen Elizabeth forest taken during this 
current project, together with a detailed knowledge of local conditions, have
provided valuable evidence of factors which may influence the disease.
Initial interpretation of the photographic evidence is not easy, and the 
recognition of degrees of yellowing, and the presence of long dead trees is 
difficult. Another limitation is that no early symptoms of the disease can 
be seen. However there was a good correlation between the counts of disease 
and dead trees from aerial photographs and the results of ground surveys, so 
that this technique may be of value to forest managers for surveying stands 
where the disease is established.
It should be recognized that the effects of site factors, age of crop, 
yield class, and thinning on the susceptibility of beech to the disease are to 
some extent inter-related. Nevertheless, to assess their relative importance 
it was necessary to examine them as independent variables.
Colluvial deposits form a soil of high nutrient content on steep slopes 
where the disease is severe, and these slopes are often the sites of former 
rabbit warrens. In North America, Ehrlich (1934) found a small positive 
correlation between infected beech and their position on a ridge and the steepness 
of slope, but considered that his tentative explanation of the influence of 
exposure on beech mortality was insufficient or incorrect. Deeper richer soil 
is found on plateau tops (clay with flints) and in valley bottoms (hill wash), 
which again are areas where the disease is severe in southern England. Where 
the worst damage is apparent as a band along the middle of a slope, this is 
associated with the underlying geological junction of Upper and Middle Chalk.
A spring-line is often a feature of such a site, and the overlying soil would 
have a high moisture content. Holstener-J/rgensen (1958) demonstrated that 
water-capacity had a greater correlation (O.69) with increment, than had site 
class (0.44) in the Danish beech soils investigated. The scarp slopes in 
southern England faced north, the best aspect for soil moisture retention.
These observations agree with the effects of site on disease susceptibility as 
recognized by Paucke (1966 b).
Sites of high nutrient content and high soil moisture content support 
good growth of the beech crop. These factors in combination with age are 
expressed as high yield class crops. It is symptomatic that such areas are 
the first to become diseased within a forest, and are the areas where the 
disease is later severe. The sites studied in southern England were all first 
rotation plantations on chalk downland. It is of interest to note that in an 
established beechwood on the Cotswolds, Newstead (1903) reported that the Beech 
scale occurred very sparingly, an observation which is still true on the same 
site seventy years later.
Some effect of the age of crop on disease susceptibility is apparent,
despite the fact that site differences to some extent mask the expression 
of age. Beech scale infestation builds up when the crop is over about twenty 
years of age. Colonization is discouraged by the smooth bark and more active 
meristematic tissue of younger trees. Beech bark disease becomes a serious 
problem in pole-stage plantations between 25 and 40 years of age. The older 
crops appear to be worst affected.
Initial outbreaks occur in unthinned crops. Older beech plantings made 
by the Forestry Commission were closely spaced at approximately 1 x 1 m., 
providing a dense host population for disease inoculum. Where beech was 
planted in mixture with a coniferous nurse, the population of beech within 
the plantation was diluted, and such crops appear to have a low incidence of 
disease at the pole-stage. Ehrlich (1934) and Barter (1947) found a small 
positive correlation between disease incidence, and percentage of beech in a 
stand.
Although at first the disease appears to occur at random throughout a 
crop, it is considered that the initially susceptive trees may be predisposed to 
infection by unknown factors. Groups of affected trees then develop around 
the primary infection centres. Ehrlich (193^) anc* Barter (19^7) also found 
that disease severity varied directly with the tree diameter at breast height 
(D.B.H. = 1.3 m). Hawboldt (1944) discussed the dispersal and establishment 
of the Beech scale onto these larger trees.
Beech are usually given a first thinning between 30 and 40 years of age.
In some instances thinning appears to have aggravated the disease, particularly 
in pure beech stands of high yield class which would therefore have required 
the removal of a moderate volume of timber. Heavy thinning and opening of the 
canopy may alter the microclimate within the crop rendering the trees more 
susceptible (Anon., 1962; Bejer-Petersen, 1964). Thomsen et al., (1949) 
noted that several foresters considered that a sudden change to a more drastic 
thinning had furthered the Beech scale outbreak in Denmark. It may be better 
to undertake earlier thinnings, particularly where the disease is apparent, and 
to thin lightly and regularly in order to reduce the disturbance within a crop.
What are the biological effects of thinning? The smaller host population 
now subject to less competition will increase its annual increment because of 
the greater availability of light and nutrients. Although the transpiration 
rate of the remaining trees increases, this is compensated by the greater 
availability of soil moisture. A low incidence of disease in thinned crops 
may reflect a poor site. Within thinned crops there will be more circulation of 
wind, and therefore an increased exposure of hosts to the disease inoculum.
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The faster growing trees in thinned areas may be nutritionally more 
attractive to the Beech scale. However, after three years the intensity of 
thinning experiment showed an overall increase in Beech scale at both forests, 
but with no significant effects on Beech scale infestation between the thinning 
treatments. Greater populations of the insect will in turn reduce the increment 
of infested trees compared with that of uninfested trees. In the experiment 
this phenomenon was reflected in the comparison of Beech scale infestation 
and girth of trees. Stefancik and Leontovyc (1966) also produced inconclusive 
data after five years on the effects of thinning in pole-stage beech of E. 
Slovakia.
It is unlikely that the thinning history (main treatments, Autumn survey 
1969) of a crop would produce a direct independent effect to cause foliar 
yellowing. However there was a significantly higher proportion of Beech scale 
infested trees in thinned crops than in unthinned crops. Only at a later 
stage in the disease, according to the degree of subsequent Nectria infection, 
might foliar yellowing become correlated with thinning history. The 
relationship between Beech scale infestation and foliar yellowing was not 
straightforward since previous levels of infestation were unknown, and populations 
of the insect could have varied since initial Nectria infection. In the 1969 
survey thinned crops were an average of seven years older than unthinned crops, 
and the increased Beech scale infestation was significant at the 5% level. The 
non-significant result between age and foliar yellowing can be explained by the 
different rates of progress of the invading Nectria on different individuals.
Although symptoms of the disease become more obvious as the season 
progresses, the survey in June 1970 to compare disease incidence in thinned and 
unthinned crops gave a significant difference at 0.1% for slight Beech . 
scale infestation. The incidence of Beech scale was also significantly correlated 
with subsequent symptoms of Beech bark disease, and hence the presence of these 
disease symptoms was significant in thinned crops compared with unthinned crops. 
Barter (194?) concluded that the dangers of infection increased with the severity 
of Beech scale infestation, and that external symptoms of Nectria infection 
usually occurred after two years of heavy scale attack.
A low bark moisture content with relative turgidity below a threshold value 
of about 80% was considered by Bier (1961, 1964) to assist fungal infection and 
canker development. It is possible that the Beech scale may reduce the bark 
moisture content of its host as it is a fluid feeder, but given an adequate water 
supply the tree might be expected to compensate for any water extracted by the 
insects by increasing its rate of water uptake. To test the validity of Bier’s
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hypothesis, moisture relationships need to be further investigated. Lyr (1967) 
inoculated N. coccinea into beech logs and showed that the pathogen was capable 
of causing death of bark when a certain degree of water deficit was present. 
Inoculations of Nectria on young potted beech were designed to test the effect 
of soil moisture stress on canker development. The 1973 experiment showed that the 
plants given a restricted water supply made less increment growth yet developed 
larger cankers than those which were adequately watered. The latter effect may 
result from an impaired physiological defence mechanism.
Initial results from the Beech scale artificial infestation experiment, 
where there was some vertical dispersal of insects on the host trunic from the 
site of inoculum, agree with early entomological observations. Whilst most 
mobile larvae tend to settle in the immediate neighbourhood of the parent seeking 
protection from the existing colony (Boulger, 1907), some ambulatory larvae 
actively seek untenanted bark, and at this stage may be passively dispersed onto 
new hosts (Rhumb1er, 1914)• It is evident from observations of initial infestation 
patterns that the insects seek the protection of vertical bark fissures, lichens, 
and other sheltered positions on the bark.
Beech bark disease in Europe has often been considered to have a climatic 
origin (Thomsen et al., 1949; Zycha, 1950, 195i)• However in England extremes 
of weather are rarely encountered, and measurements of annual ring widths indicated 
that the inception of disease outbreaks could not be dated to one particular year. 
In Germany, Schwerdtfeger (1963) reported no recurrence of disease symptoms 
following the rigorous winter of I962-3 . If drought was a factor, growth would 
be affected in drought years, but in southern England there was no reduction in the 
dry year of 1964. The evidence is that in dry (sunny) years the girth growth of 
the best beech is at least as good as in moist (dull) years. Although there 
is no evidence that climatic factors have been involved in recent outbreaks in 
southern England, this does not exclude the possibility that small changes in the 
prevailing weather conditions over a few decades could tip the ecological balance 
in favour of the disease.
Within an affected stand some individuals remaih free from attack whilst 
adjacent trees may be so heavily infested by Beech scale as to appear whitewashed. 
To what extent natural resistance is due to physical and/or genetical 
characteristics of the bark is unknown. The stock and scion of a grafted tree 
can maintain noticeably different levels of Beech scale infestation. Because 
European beech in the Public Gardens at Halifax, Nova Scotia, where the Beech 
scale was first found in North America, had survived an apparently continuous
infestation for over fifty years, Balch (194?) suggested that this species was 
more resistant than the American beech to the feeding of the insect and subsequent 
Nectria infection. Selection and breeding for resistance could provide a long-term 
answer to the problem.
There is no evidence to suggest that biological control is a practical 
proposition. Certain beneficial insects are predators of C. fagi, but as they 
are nearly always to be found it is not possible to say how important they are 
in regulating the Beech scale populations. Chemical control of the Beech scale 
is possible on specimen ornamental trees and in small areas of amenity woodland, 
but the treatment is uneconomical and may need to be repeated every three to 
five years. Silvicultural treatment by sanitation thinning may not reduce the 
effects of the disease, but if a financial return from forest crops is required 
the affected trees should be felled to harvest and market utilizable timber.
This should be done in winter to minimize the risk of dispersing the Beech scale 
onto neighbouring trees. Clearance of a badly diseased stand and subsequent 
replanting should be considered only when all hope of a commercial crop and 
forest cover is lost.
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